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SUMMARY 


Wetlands  cover  approximately  21%  of  the  land  area  of  the  province  of  Alberta  (National 
Wetlands  Working  Group  1988)  and  are  unique  ecosystems  that  provide  several  valuable 
ecological  and  economic  functions  including  water  storage  and  flood  attenuation,  erosion 
control,  water  quality  improvement  and  habitat  for  various  plant  and  animal  species  (Ducks 
Unlimited  Canada  2004).  Many  wetlands  in  Alberta,  especially  in  the  southern  half  of  the 
province,  have  been  negatively  impacted  by  anthropogenic  disturbances  (Turner  et  al.  1987) 
which  in  turn  affect  the  wetland  health  and  function.  The  purpose  of  this  report  is  to  conduct  a 
review  of  the  primary  literature  on  Alberta  wetlands  and  identify  potential  indicators  of  health  of 
wetland  ecosystems  in  Alberta,  specifically  in  the  prairie,  aspen  parkland  and  boreal  dry 
mixedwood  regions. 

Despite  the  large  amount  of  research  on  various  wetlands  in  North  America,  information 
on  the  general  ecology  and  characteristics  of  wetlands  in  Alberta  is  limited,  especially  in  the 
aspen  parkland  and  boreal  dry  mixedwood  ecozones  of  the  province.  Research  on  prairie 
wetlands  is  also  limited  within  the  province,  however  extensive  research  has  been  done  in  the 
prairie  pothole  region  of  the  United  States  and  many  of  these  wetlands  are  similar  to  Alberta's 
prairie  wetlands. 

Information  on  wetland  loss  and  destruction,  extent  of  disturbance  to  wetlands  and  the 
impacts  of  these  disturbances  on  wetland  health  and  function,  are  lacking  or  minimal  within  the 
province  of  Alberta.  While  there  are  some  studies  of  wetland  loss  in  selected  areas  of  the 
province,  there  is  no  complete  regional  or  province-wide  mapping  or  survey  of  wetlands  in 
Alberta  at  this  time,  nor  is  there  a  wide-scale  assessment  of  disturbance  to  wetlands.  Compared 
to  other  regions  of  North  America  very  few  wetland  studies  have  been  conducted  in  the  prairie, 
parkland  and  boreal  dry  mixedwood  regions  of  Alberta  and  most  studies  that  have  been 
conducted  were  performed  in  the  last  decade  (Appendix  1).  Without  this  comprehensive 
baseline  information  it  is  difficult  to  make  inferences  about  good  potential  indicators  of  wetland 
health  in  the  province,  especially  given  the  wide  range  of  natural  variation  within  and  among 
wetlands  (US  EPA  2002c,  d).  Based  on  the  scientific  literature  from  studies  on  Alberta 
wetlands,  as  well  as  other  North  American  wetlands,  there  does  not  seem  to  be  any  one  indicator 
or  class  of  indicators  which  will  be  the  most  useful  to  use  singly  to  assess  wetland  health  and 
function. 

Potentially  useful  indicators  of  wetland  health  in  the  prairie  region  of  Alberta  include 
water  chemistry  parameters  such  as  nutrients  (N  and  P)  and  turbidity  as  well  as  physical 
characteristics  of  the  riparian  buffer  areas  surrounding  wetlands.  Potential  biological  indicators 
of  wetland  health  in  Alberta's  prairie  region  include  invertebrate  diversity,  zooplankton  species 
richness,  macrophyte  floristic  quality  and  presence  of  native  vs.  introduced  species,  abundance 
of  submersed  aquatic  vegetation  (SAV),  presence  of  monotypic  cattail  stands  and  algal  biomass 
and  community  composition. 

In  the  aspen  parkland  region  of  Alberta,  potentially  good  indicators  of  wetland  health 
include  water  chemistry  parameters  such  as  total  phosphorus  (TP),  total  dissolved  nitrogen 
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(TDN)  and  calcium  concentrations  as  well  as  riparian  buffer  characteristics  and  biological 
indicators  such  as  abundance  of  benthic  macroinvertebrates  and  abundance  and  breeding  activity 
of  waterfowl  species.  Vegetative  and  algal  characteristics  may  also  be  useful. 

In  the  boreal  dry  mixedwood  region  of  the  province,  potential  indicators  were  very 
difficult  to  identify  due  to  lack  of  baseline  data  in  this  region.  Suggestions  include  assessing 
extent  of  agricultural  or  forested  areas  in  the  watershed  and  obvious  physical  disturbance  to  the 
surrounding  watersheds  such  as  fragmentation  as  indicators  of  a  disturbed  wetland.  There  may 
be  potential  for  any  of  the  indicators  used  in  prairie  or  aspen  parkland  systems  as  well  as  use  of 
waterfowl  abundance  as  biological  indicators  of  wetland  health  in  this  region,  however  data  are 
lacking. 

A  study  measuring  these  potential  indicators  in  wetlands  of  Alberta's  prairie,  aspen 
parkland  and  boreal  dry  mixedwood  region  is  recommended  in  wetlands  across  a  range  of 
disturbance.  Good  indicators  should  respond  in  a  predictable  and  measurable  manner  along  a 
disturbance  gradient.  Despite  the  fact  that  most  wetlands  in  the  prairie  and  aspen  parkland 
regions  have  already  been  anthropogenically  disturbed,  a  range  of  disturbances  still  exists,  from 
minimally  impacted  to  heavily  impacted.  Wetlands  should  further  be  divided  into  classes  for 
indicator  assessment  since  natural  variation  will  exist  between  different  types  of  wetlands 
(NWWG  1998).  It  is  further  recommended  that  several  indicators  within  a  wetland  system  be 
combined  to  form  a  multimetric  index  of  the  overall  health  or  condition  of  a  wetland  site. 

While  there  are  little  data  available  in  the  three  regions  of  Alberta,  based  on  our  review  of 
the  broader  literature,  we  expect  that  a  useful  initial  approach  would  focus  on  determining  an 
index  of  biotic  integrity  (IBI)  using  macrophytic  vegetation  (abundance  and  diversity), 
macroinvertebrates,  and  nutrients  in  marshes,  the  dominant  wetland  class  in  much  of  the  white 
zone  of  Alberta. 
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1.0  INTRODUCTION 


The  main  objective  of  this  report  is  to  identify  potential  indicators  of  wetland  health  in 
Alberta,  specifically  in  the  prairie,  aspen  parkland  and  boreal  dry  mixedwood  ecozones  of  the 
province.  Potential  indicators  of  wetland  health  may  be  physical,  chemical  or  biological  in 
nature.  The  potential  indicators  were  identified  and  evaluated  for  suitability  based  on  scientific 
studies  conducted  in  wetlands  within  the  Province  of  Alberta  and  within  other  North  American 
wetlands. 

This  research  supports  the  Government  of  Alberta's  mandate  of  the  Water  for  Life 
strategy  to  invest  in  knowledge  on  Healthy  Aquatic  Ecosystems.  Identifying  potential  indicators 
will  facilitate  the  development  of  a  framework  to  monitor  and  evaluate  the  health  of  Alberta's 
natural,  disturbed,  and  restored  wetlands. 

This  research  was  conducted  using  review  and  synthesis  of  the  primary  literature  on 
indicators  and  ecological  characteristics  of  wetlands  in  North  America.  This  project  therefore 
does  not  include  identification  of  potential  indicators  of  health  for  expansive  peatlands  in 
the  northern  part  of  the  province,  nor  wetlands  in  the  oil  sands  region  of  the  province. 

Rather,  emphasis  is  specifically  on  identifying  potential  indicators  in  the  open  water  and 
emergent  vegetation  zones  of  wetlands  in  Alberta's  prairie,  aspen  parkland  and  boreal  dry 
mixedwood  regions.  These  areas  were  the  focus  of  the  study  because  they  represent  areas  with 
abundant  wetlands  as  well  as  the  highest  amounts  of  anthropogenic  disturbance  to  wetlands 
within  the  province. 
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2.0 


GENERAL  FUNCTIONS  AND  VALUES  OF  FRESHWATER 
WETLANDS 


2.1  Wetlands  defined 

Wetlands  are  unique  ecosystems  that  represent  a  transitional  area  between  terrestrial  and 
aquatic  systems  where  the  water  table  is  at  or  near  the  land  surface.  Wetlands  therefore  are 
defined  as  being  periodically  or  continually  inundated  by  water  with  soils  and  vegetation 
characteristic  of  wet  conditions  (Tamocai  1980).  For  the  purposes  of  this  report,  wetlands  are 
specifically  defined  as  areas  of  shallow  open  water  surrounded  by  a  fringe  of  emergent 
vegetation  and  shrubs  in  either  organic  or  mineral  soils.  This  definition  includes  riparian 
wetlands  and  peatlands  (which  may  or  may  not  have  open  water),  however,  these  wetland 
systems  will  not  be  included  in  this  report.  The  focus  here  is  on  the  open  water  and  the 
emergent  or  forested  fringe  adjacent  to  the  open  water  zone. 

These  wetland  ecosystems  can  be  highly  productive  and  biologically  diverse  and  thus 
provide  several  direct  benefits  to  humans  in  the  forms  of  products,  food,  energy,  and  resources, 
and  indirect  benefits  from  wetland  functions  such  as  flood  control,  nutrient  retention  and 
groundwater  recharge.  Unfortunately,  wetlands  are  also  the  most  threatened  ecosystems  on 
earth;  over  half  of  global  wetlands  have  already  been  destroyed  (Mitsch  and  Gossehnk  2000). 

2.2  The  Canadian  Wetland  Classification  System 

In  Canada,  wetlands  are  classified  into  five  classes:  bogs,  fens,  marshes,  swamps  and 
shallow  open  water  (National  Wetlands  Working  Group  1997).  Bogs  and  fens  are  peatlands, 
defined  as  having  greater  than  40  cm  of  accumulated,  weakly  decomposed  peat  deposits 
(NWWG  1998).  Bogs  are  ombrotrophic,  are  often  Sphagnum  moss  dominated,  and  are  nutrient- 
poor.  They  are  isolated  from  mineral  waters  and  receive  nutrients  from  precipitation  only.  Fens 
are  also  peat-accumulating,  but  in  addition  to  precipitation  receive  nutrients  from  groundwater 
and  runoff  from  surrounding  areas  resulting  in  a  gradient  of  mineral  richness  from  poor  to 
extremely  rich. 

Swamps  are  wetlands  characterized  by  tall  trees  and/or  shrubs  and  seasonal  or  persistent 
standing  or  slow-moving  water.  Swamps  are  generally  oxygen  and  nutrient-rich  due  to 
subsurface  flow  of  mineral  water  and  fluctuating  water  tables.  Marshes  are  periodically 
inundated  wetlands  on  mineral  soil,  however  in  some  low  boreal  areas  marshes  can  also 
accumulate  significant  sedimentary  peat  deposits  (Bayley  and  Mewhort  2004).  Marshes  are 
characterized  by  relatively  high  oxygen  concentrations,  pH  and  emergent  vegetation  such  as 
reeds,  rushes  and  sedges.  Shallow  open  water  wetlands  are  small  bodies  of  shallow  standing 
water  of  less  than  2  m  depth  in  midsummer.  Open  water  wetlands  represent  a  transition  between 
marshes  and  lakes.  They  are  free  of  emergent  marsh  vegetation,  but  can  support  submersed 
aquatic  vegetation  (SAV). 
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2.3      The  US  Wetland  Classification  System 


The  Stewart  and  Kantrud  (1971)  wetland  classification  system  was  developed  for  the 
glaciated  prairie  region  of  the  USA  and  is  applicable  for  the  Canadian  prairie  regions  as  the  areas 
share  a  very  similar  natural  history  and  present  climate.  It  is  structured  into  a  hierarchy  of 
categories  with  the  most  general  category  of 'System',  which  describes  wetlands  influenced  by 
similar  geological  and  hydrological  factors.  Most  freshwater  wetlands  in  the  United  States  are 
classified  into  the  Palustrine  System.  The  Palustrine  System  consists  of  non-tidal  wetlands  that 
are  dominated  by  trees,  shrubs,  and/or  emergent  vegetation  or  small  areas  (less  than  20  acres)  of 
wetlands  lacking  vegetation,  but  with  water  depth  of  less  than  2  m.  This  system  is  further  divided 
by  dominant  wetland  vegetation  and  substrate  composition  as  well  as  water  regime  (surface 
inundation  of  water)  and  water  chemistry  (pH  categories).  In  the  prairie  region,  Stewart  and 
Kantrud  (1971)  incorporate  the  prairie  pothole  classification,  a  system  divided  into  Classes  I 
through  VII  wetlands  which  will  be  described  later. 

2.4      Global  and  National  Importance  of  Wetlands 

Estimates  of  global  wetland  coverage  vary  and  are  often  thought  to  be  underestimated; 
however,  the  general  approximation  is  that  6%  of  the  Earth's  surface  is  covered  by  wetlands 
(Matthews  and  Fung  1987,  Mitchell  and  Prepas  1990).  Approximately  one  quarter  of  global 
wetlands  are  located  in  Canada,  and  cover  approximately  14%  of  the  national  land  surface 
(NWWG  1988). 

Wetlands  are  among  the  most  productive  and  diverse  ecosystems  in  the  world  and, 
despite  their  small  global  coverage,  they  account  for  25%  of  global  productivity.  Freshwater 
wetlands,  which  cover  only  1%  of  the  Earth's  surface,  contain  40%  of  the  world's  species 
(Ducks  Unlimited  2004).  Wetlands  are  biogeochemically  and  biologically  active  because  of  their 
unique  permanent  or  semi-permanent  flooded  nature  and  their  natural  physical,  chemical  and 
biological  functions,  many  of  which  provide  great  value  to  humans  (Table  1). 


Table  1     Summary  of  GENERAL  functions  of  global  wetlands 


Function 

Value 

•  Groundwater 

•    Water  availability /water 

recharge/discharge 

storage  and  flood 
attenuation 

•    Flood  water  storage 

•    Flood  moderation;  base 

Physical 

•    Erosion  control 

flow  provider 

•    Peat  accumulation 

•  Sediment  trapping 

•  Accumulation  of 
nutrients  (e.g.,  carbon); 
peat  extraction  for  energy 
&  horticulture 
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Chemical 

•  Nutrient/toxicant 
removal 

Improves  water  quality 

•    Habitat  for  wildlife 

•    Diverse  communities; 

and  waterfowl 

hunting  and  fishing; 
breeding,  nesting  and 
staging  areas  for 

Biological 

waterfowl 

•    Plant  productivity 

•    Basis  of  the  food  chain 
within  and  out  of 
wetlands.  Nutrient 
removal  (uptake),  peat 
accumulation 

2.5  Physical  Functions  of  Wetlands 

Wetlands  perform  a  variety  of  hydrological  functions  including  groundwater  recharge 
and  discharge.  Wetlands  have  the  capacity  to  store  excess  water  and  maintain  high  water  tables, 
short-  and  long-term,  thereby  preventing  flooding  downstream  and  maintaining  a  hydrophytic 
habitat.  Furthermore,  excess  water  stored  in  wetlands  can  be  a  source  for  recharge  of 
groundwater  in  times  of  limited  water  availability  or  drought.  Wetlands  can  store  excess  surface 
water  during  times  of  abundance,  releasing  it  to  downstream  streams,  rivers  and  lakes.  Wetland 
emergent  vegetation  plays  an  important  role  in  erosion  control;  emergent  plants  and  their  root 
systems  can  trap  sediments,  thus  stabilizing  shorelines. 

Peat  accumulation  in  wetlands  such  as  bogs  and  fens  can  be  significant  and  removes 
carbon  from  the  atmosphere;  however,  carbon  and  methane  release/sequestering  is  not  uniform 
for  all  peatland  types  and  varies  temporally  and  spatially  (Moore  et  al.  1998).  There  are  many 
uncertainties  in  current  peatland  carbon  -  methane  cycles  as  peat  accumulation  has  not  been 
constant  over  time.  Peatlands,  as  are  many  prairie  wetlands,  emit  methane  for  at  least  part  of  the 
year  (Moore  et  al.  1998).  Overall,  global  carbon/methane  budgets  of  wetlands  are  not  fully 
understood. 

2.6  Chemical  Functions  of  Wetlands 

Wetlands  are  effective  at  retaining  and  storing  nutrients  such  as  nitrogen  and  phosphorus 
in  both  sediments  and  plant  tissues.  Physical  adaptations  of  wetland  plants  allow  them  to  be 
effective  at  assimilating  excess  nutrients  and  slow  water  movement  allows  for  nutrients  to  be 
adsorbed  by  sediment  (White,  et.  al.  2000,  White  and  Bayley  2001,  Mitsch  and  Gosselink  2000). 
Nutrient  accumulation  in  wetlands  decreases  potential  for  eutrophication  downstream.  Further, 
wetlands  can  absorb  moderate  amounts  of  sewage,  pesticides  and  toxicants,  thus  aiding  in 
purifying  water.  Metals  such  as  mercury  and  lead  can  also  be  removed.  Biogeochemically, 
wetlands  are  very  active  in  nutrient  cycling  and  transformation  due  to  the  permanent  or  semi- 
permanent flooding  leading  to  low  redox  potentials  and  an  environment  that  is  conducive  to 
element  transformations  (Schlesinger  1991). 
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2.7      Biological  Functions  of  Wetlands 

Wetlands  provide  habitat  for  a  diverse  variety  of  plants  and  animals  and  provide 
necessary  habitat  for  one  third  of  the  endangered,  threatened,  or  vulnerable  wildlife  species  in 
Canada  (Environment  Canada  2004).  Wetland  plant  communities  can  be  extremely  productive 
(Mitsch  and  Gosselink  2000,  Thormann  and  Bayley  1997)  and  provide  food  and  habitat  for 
numerous  animals.  Wetlands  are  extremely  important  to  waterbirds  as  sites  for  nesting,  feeding 
and  breeding.  Approximately  80%  of  all  North  American  waterfowl  hatch  on  prairie  pothole 
wetlands  (Environment  Canada  2004),  although  southern  boreal  and  boreal  wetlands  are 
increasingly  recognized  as  important  for  waterbirds.  Diverse  and  thriving  wildlife  communities 
in  wetlands  are  also  important  to  the  recreational  and  commercial  hunting,  fishing  and  trapping 
industries.  Furthermore,  wetlands  export  dead  organic  matter,  providing  the  basis  of  the  food 
chain  in  downstream  waters. 

Overall,  based  on  all  the  physical,  chemical  and  biological  functions,  wetlands  in  Canada 
generate  an  estimated  5  to  1 0  billion  dollars  annually  in  economic  returns  through  estimated 
flood  and  erosion  control,  water  quality  improvement  and  recreational  uses  (Environment 
Canada  2004). 
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3.0    CHARACTERISTICS  AND  FUNCTIONS  OF  ALBERTA  WETLANDS 


For  the  purposes  of  this  report,  only  wetlands  in  the  prairie,  aspen  parkland  and  boreal 
transition  (dry  mixed  wood)  ecozones  of  Alberta  will  be  reviewed.  These  ecozones  cover  the 
majority  of  the  southern  half  of  the  province  (Figure  1),  thus  the  large  expansive  peatlands  and 
oil  sands  wetlands  (found  in  northern  boreal  parts  of  the  province)  are  not  considered  here.  Focus 
is  on  the  prairie,  aspen  and  boreal  transition  ecozones  because  these  are  located  in  areas  that  are 
most  heavily  populated.  These  wetlands  have  undergone  the  most  severe  amounts  of 
modification  and  disturbance. 

3.1      The  Prairie  Region  of  Alberta 

The  prairie  region  of  Alberta  covers  the  majority  of  the  south-eastern  portion  of  the 
province.  The  ecozone  extends  into  the  prairie  pothole  region  of  the  United  States  through  parts 
of  Montana,  North  and  South  Dakota,  Minnesota,  and  Iowa.  The  landscape  is  characterized  by 
numerous  small  depressional  wetlands,  i.e.  potholes,  formed  by  glacial  retreat  (Winter  1989). 
The  prairie  region  is  a  grassland  ecozone,  while  the  prairie  pothole  region  usually  includes  the 
aspen  parkland  ecozone  as  well.  In  this  report  when  we  refer  to  the  prairie  region  (or  the  prairie 
pothole  region)  we  are  reviewing  literature  from  primarily  grassland  areas. 

The  prairie  region  is  further  characterized  by  a  variable  climate,  with  temperature 
extremes  of  -40  °C  to  +40  °C  (Winter  1989).  It  is  not  uncommon  for  prairie  wetlands  to  freeze 
solidly  in  the  winter.  Prairie  climate  also  exhibits  long  periods  of  alternating  wet  and  dry 
conditions.  This  wet/dry  cycle  can  occur  over  10-20  years  (Diaz  1986)  and  results  in  dynamic 
changes  in  wetland  vegetation.  During  drought  periods,  prairie  wetlands  may  remain  dry  for 
years,  exposing  large  mudflats  that  allow  for  the  germination  of  emergent  vegetation  and  high 
productivity.  During  wet  periods  wetlands  form  shallow  ponds  and  emergent  vegetation 
abundance  is  reduced  in  this  "lake  phase"  of  the  cycle  (van  der  Valk  and  Davis  1978).  In  many 
parts  of  Alberta  these  are  called  "sloughs". 

Because  of  precipitation  extremes,  prairie  wetlands  have  a  complex  association  with 
regional  groundwater  and  can  serve  as  groundwater  recharge  and/or  discharge  sites,  depending 
on  climatic  variation  and  underlying  substrate. 

3.1.1    Classes  of  Wetlands  Present  -  The  Canadian  Wetland  Classification  System 

According  to  the  Canadian  Wetland  Classification  System  (NWWG  1998),  the  majority 
of  prairie  wetlands  in  Alberta  are  marshes  and  shallow  open  water  wetlands,  although  some  fens 
are  present  in  the  boreal  mixed  wood  ecozone.  Alberta  prairie  marshes  are  typically  dominated 
by  grasses,  rushes  and  sedges.  Shallow  open  water  wetlands  are  often  bordered  by  emergent 
marsh  species  such  as  cattails  (Typha  latifolia).  Seasonal  drought  can  cause  water  level  draw- 
downs in  these  ponds,  resulting  in  drying  basins  that  are  rapidly  colonized  by  annual  plants.  Re- 
flooding  will  again  fill  the  basin,  killing  colonizing  plants  and  reverting  back  to  a  marsh  stage 
with  emergent  vegetation.  Prairie  wetlands  are  dynamic,  changing  seasonally  or  annually  in 
water  regime,  which  in  turn  changes  vegetation  structure  and  diversity. 
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Figure  1        Boreal  dry  mixedwood,  aspen  parkland  and  prairie  regions  in  the  province 
of  Alberta 
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Prairie  wetland  classes  (i.e.,  marsh,  open  water  and  fen)  are  further  divided  into  forms, 
subforms,  and  types  (NWWG  1988)  (Table  2).  Wetland  forms  are  defined  by  surface 
morphology,  including  topography  (glacial  or  water-eroded),  mineral  deposits,  and  by 
hydrologic  features  such  as  groundwater  linkages.  Common  marsh  wetland  forms  include 
glaciated  basins  and  kettles,  and  water-eroded  streams  and  floodplains.  Shallow  open  water 
wetlands  in  the  prairies  are  classified  into  forms  such  as  channel,  delta,  kettle,  and  basin  shallow 
water.  Prairie  fens  form  in  shallow  basins  (basin  fens)  or  at  groundwater  discharge  sites  (spring 
fens). 

Table  2     Prairie  and  aspen  parkland  wetland  classes  and  subcategories  (from  NWWG  1988) 


Class 

Form 

Subform 

Type 

Marsh 

•  Delta 

•  Channel 

•  Floodplain 

•  Kettle 

•  Shore 

•  Stream 

•  Basin 

•  Deep  marsh 

•  Shallow  marsh 

•  Wet  meadow 

•  Low  or  tall  rush 

•  Mixed  grass 

•  Mixed  forb 

•  No  vegetation 

•  Sedge 

•  Sedge-grass 

•  Tall  grass 

•  Tall  shrub 

Shallow 
water 

•  Channel  water 

•  Delta  water 

•  Kettle  water 

•  Oxbow  water 

•  Basin  water 

•  Shore  water 

•  Stream  water 

•  Intermittent 
open  water 

•  Intermittent 
saline  lake 

•  Permanent  open 
water 

•  Floating  aquatic 

•  Submerged  aquatic 

•  No  vegetation 

Fen 

•  Basin 

•  Spring 

•  No  subforms 

•  Low  shrub 

•  Sedge 

•  Sedge-grass 

•  Tall  grass 

•  Tall  rush 

•  Tall  shrub 

Wetland  forms  are  further  divided  into  wetland  subforms.  For  prairie  marshes,  these 
subforms  are  either  shallow  or  deep-water  marshes;  shallow  marshes  are  typically  at  the  edges  of 
ponds  and  go  through  typical  flooded  and  draw-down  stages  resulting  in  semi-permanent 
flooding.  Deep  marshes  typically  remain  flooded  throughout  summer  with  10  -  30  cm  of  water 
(Walker  and  Coupland  1970).  Shallow  water  wetlands  are  classified  into  subforms  based  on  the 
periodicity  of  open  water,  i.e.,  either  intermittent  or  permanent.  Intermittent  open  water  is  an  area 
that  alternates  between  open  water  during  wet  years  and  shallow  marshes  or  draw-downs  during 
drier  periods  i.e.,  it  is  a  transitional  area  of  open  water.  Permanent  open  water  wetlands  are 
stable  open  waters  at  the  deepest  part  of  a  basin. 
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Wetland  subforms  are  classified  into  wetland  types  according  to  the  dominant  vegetation 
in  the  basin,  usually  emergent  species  such  as  rushes,  sedges,  grasses  or  combmations  of 
dominant  species.  Open  water  prairie  wetlands  are  defined  by  aquatic  vegetation  present,  either 
floating  or  submerged.  Prairie  fens  are  defined  by  dominant  vegetation,  primarily  shrubs,  sedges 
and  grasses. 

3.1.2    Classes  of  Wetlands  Present  -  Stewart  and  Kantrud  (1971)  classification 

In  the  United  States,  prairie  pothole  wetlands  are  classified  into  seven  classes,  each 
defined  by  a  specific  vegetation  zone  that  is  present  at  the  centre  of  the  wetland  and  occupies 
greater  than  5%  of  the  wetland  area,  however  other  wetland  vegetation  zones  may  also  be  present 
(Table  3). 

Prairie  wetlands  of  Alberta  are  dominated  by  temporary  (Class  II),  seasonal  (Class  III) 
and  semi-permanent  (Class  IV)  classes.  Stewart  and  Kantrud' s  (1971)  classification  is  congruent 
with  the  Canadian  Wetland  Classification  System  (NWWG  1989)  of  marshes  (shallow  and  deep) 
and  shallow  open  water  wetlands  (both  intermittent  and  permanent).  However,  Stewart  and 
Kantrud  (1971)  identified  addifional  classes  of  permanent  (Class  V),  alkah  (Class  VI)  and  fen 
(Class  VII)  wetlands  that  are  not  as  common  in  the  prairie  region  of  Alberta.  Due  to  the  dynamic 
climate  in  the  prairie  region,  vegetation  zones  often  shift  from  one  type  to  another  during  times 
of  drought  or  excess  water,  and  therefore  wetland  classes  also  change.  For  example,  during 
periods  of  high  precipitation  a  temporary  wetland  may  shift  to  a  seasonal  wetland. 


Table  3     Prairie  wetland  classes:  Stewart  and  Kantrud  (1971) 


Class 

Name 

Dominant 
Vegetation 
Zone 

Description 

I 

Ephemeral 
ponds 

Low  prairie 

•  Porous  soil  and  rapid  water 
seepage  after  ice  melt  in 
spring 

•  Emergent  vegetation,  mostly 
grasses,  but  may  be  open 
water  and  submersed 
vegetation  in  early  spring 
when  flooded 

II 

Temporary 
ponds 

Wet  meadow 

•  Flooded  after  spring  melt, 
heavy  rains 

•  Typically  emergent 
vegetation  such  as  short 
grasses,  rushes  and  sedges 

III 

Seasonal  ponds 
and  lakes 

Shallow  marsh 

•  Surface  water  in  spring  and 
summer  but  may  dry  in  late 
summer  and  fall 

•  Phases  of  submersed  plants 
when  open  water,  emergent 
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grasses  and  annuals  with 
water  draw-downs  to  bare 
soil 

IV 

Semi- 
permanent 

pUllQo  ctilU.  IdivCa 

Deep  marsh 

•  Surface  water  throughout 
spring  and  summer  and 
frequently  through  fall  and 
winter 

•  Normally  emergent  and 
open  water  suumerseo  or 
floating  vegetation 

•  Bare  soil  (no  vegetation) 
stage  during  drought 

V 
V 

Permanent 
ponds  and  lakes 

KjpCll  WdLcl 

•  Open  water  always  present 

•  Submersed  vegetation  in 
shallow  water,  no  vegetation 
m  aeeper  water 

•  May  be  emergent  vegetation 
toward  shore,  but  not  in  the 
centre  of  the  open  water 

VI 

Alkali  ponds 
and  lakes 

Intermittent 
alkali 

•  Saline  shallow  waters  and 
exposea  sait  iidts  aunng 
drought 

•  Salt-tolerant  submersed 
plants  may  be  present 

VII 

Fen  ponds 

Fen 

•  Isolated  along  peripheries  of 
ponds,  often  floating 

•  May  not  be  surface  water 

•  Willows  (Salix  spp.),  sedges 
(Carex  spp.)  are  common 

3.2      The  Aspen  Parkland  Region  of  Alberta 


The  aspen  parkland  region  of  Alberta  covers  approximately  12%  of  the  provincial  land 
surface  (Strong  and  Leggat  1981).  The  aspen  parkland  region  is  divided  into  three  subregions: 
central  parkland.  Peace  River  parkland  and  foothills  parkland.  The  parkland  region  is  a 
transitional  region  between  dry  grasslands  and  prairie  to  the  south  and  boreal  forest  to  the  north. 
The  region  has  rolling  terrain  with  abundant  lakes,  rivers  and  wetlands  created  by  glacial 
meltwater.  Glacial  deposits  form  moraines  and  depressions  which  fill  with  water  to  form 
wetlands. 

Climate  of  the  aspen  parkland  region  is  wetter  than  the  prairie  region  to  the  south,  and  is 
marked  by  cold  temperatures,  with  an  average  annual  temperature  of  2  °C  (Environment  Canada 
2004).  The  southern  parkland  region  is  dominated  by  grasses  with  aspen  in  moist  depressions, 
while  the  northern,  moister  part  is  continuous  forest. 
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Today,  the  native  aspen  parkland  is  highly  fragmented  by  land  use  disturbances, 
especially  to  support  agriculture.  It  is  the  most  densely  populated  and  most  highly  disturbed 
landscape  in  Alberta. 

3. 2. 1    Classes  of  Wetlands  Present 

Wetlands  present  in  the  aspen  parkland  are  mostly  marsh  and  shallow  open  water  classes, 
similar  to  the  types  of  wetlands  found  in  the  prairie  region  of  the  province  (Table  2)  (NWWG 
1988).  Marshes  and  shallow  open  water  wetlands  in  the  aspen  parkland  region  may  be  slightly 
wetter  (deeper)  and  more  permanent  due  to  the  moister  climate. 

3.3      The  Boreal  Mixedwood  Region  of  Alberta 

The  boreal  mixedwood  region  of  Alberta  is  a  transitional  area  between  the  prairies  and 
parklands  to  the  south  and  the  boreal  forest  to  the  north.  It  is  the  largest  ecozone  in  the  province, 
covering  approximately  43%  of  the  land  surface  (Strong  and  Leggat  1992).  The  mixedwood 
region  extends  across  the  north-central  part  of  the  province.  This  area  is  further  subdivided  into 
three  subregions  based  on  summer  precipitation:  dry  mixedwood,  moist  mixedwood  and  wet 
mixedwood  (Strong  and  Leggat  1992).  Topography  of  the  boreal  mixedwood  region  is 
characterized  by  rolling  terrain,  moraines  and  lacustrine  deposits,  and  a  few  areas  of  dunes  and 
sandy  outwash  material.  Jack  pine  is  the  dominant  tree  species  in  sandy  areas  and  aspen  occur  in 
moister  areas.  Fires  frequently  bum  stands  in  the  mixedwood  region  maintaining  these  forest 
types.  Recently,  boreal  mixedwood  forests  have  been  disturbed  by  forestry  and  oil  and  gas 
activities,  resulting  in  well  pads,  and  road  and  pipeline  networks. 

Boreal  mixedwood  climate  is  characterized  by  short,  cool  summers  and  long,  cold 
winters.  The  mean  summer  temperature  is  12  °C  and  the  mean  winter  temperature  is 
-15.5  °C.  Most  precipitation  occurs  in  the  summer  with  June  and  July  being  the  wettest  months 
and  the  winters  are  relatively  dry. 

3. 3. 1    Classes  of  Wetlands  Present 

Peatlands  (bogs  and  fens)  are  the  dominant  wetland  class  in  the  boreal  mixedwood  region 
of  Alberta.  Peat  consists  of  partially  decomposed  vegetative  material  and  accumulates  due  to 
decreased  decomposition  in  the  cool  and  anoxic  environment  (Moore  2002).  Bogs  are  typically 
dominated  by  Black  Spruce  and  Sphagnum  mosses  and  fens  of  the  region  are  dominated  by 
various  species,  including  Sphagnum  mosses,  trees,  birch  and  willow  shrubs,  sedges,  grasses  and 
brown  mosses  (Zoltai  and  Vitt  1995).  Marsh  wetland  types  are  also  found  in  the  boreal 
mixedwood  region,  however  they  are  most  commonly  found  at  the  fringes  of  open  water 
wetlands  and  fens.  Marshes  surrounding  depressional  ponds  in  this  region  have  been  found  to 
accumulate  significant  sedimentary  peat  deposits  (Bayley  and  Mewhort  2004). 

Again,  this  review  will  consider  only  the  shallow  open  water  wetlands  with  adjacent 
peatland  vegetation  nearby;  the  expansive  vegetated  peatlands  will  not  be  considered. 
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3.4 


Functions  and  values  of  Alberta  Wetlands 


Natural  functions  of  Alberta's  wetlands  in  all  three  regions  (prairie,  aspen  parkland  and 
boreal  mixedwood)  are  all  similar  and  have  common  values  to  the  ecosystems  and  humans 
(Table  4). 


Table  4     Specific  functions  and  values  of  wetlands  in  Alberta;  regions  are  prairie  (P),  aspen 
parkland  (AP)  and  boreal  dry  mixedwood  (BDM). 


Function 

Value 

Region* 

Biological 

Waterfowl  habitat 

•  Breeding,  feeding  and 
nesting  grounds 

•  Biodiversity 

•  Recreational  hunting  and 
viewing 

P,  AP  and 
BDM;  most 
prevalent  in  the 
P  region  of 
Alberta 

Wildlife  habitat 

•  Feeding,  breeding,  shelter, 
territory 

•  Biodiversity 

•  Habitat  for  endangered 
species 

•  Recreational  hunting, 
viewing 

P,  AP,  BDM 

Aquatic  habitat 

•  Diverse  invertebrate  and 
insect  communities 

•  Food  for  other  wildlife 

•  Recreational  fishing 

P  AP  BDM 

Wetland  plant 
community  habitat 

•  Erosion  control 

•  Sediment  trapping  and 
shoreline  stabilization 

•  Production 

•  N  fixation 

•  Biodiversity 

P,  AP,  BDM; 
especially 
important  in  P 
and  AP 

emergent  marsh 

vegetation 

communities 
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Chemical 

Bioeeochemistrv 

•  Nutrient  cycling 

•  Element  transformations 

•  N  removal  via 
denitrification 

•  P  removal  via  organic 
matter  buildup 

P  AP  BDM- 

Plant  communities 

•  Removal  of  N  and  P  from 
water  and  overland  flow 

•  Removal  of  pesticides, 
toxicants 

•  Reduction  after  chemical 
and  oil  spills 

•  Sediment  trapping  and 
shoreline  stabilization 

P,  AP,  BDM; 
important  in  P 
and  AP  in 
urban  and 
agricultural 
areas  with 
heavy  chemical 
and  pesticide 
use 

Microbial  activity 

•  Reduction  of  pathogens  in 
urban  overland  and 
subsurface  flow 

P,  AP,  BDM; 
especially  in 
urban  areas  of 
the  AP 

Physical 

Groundwater 
recharge 

•  Water  available  for 
irrigation  in  agricultural 
areas 

•  Water  available  for  urban 
areas 

P,  AP,  BDM; 
important  in  P 
where  there  is 
extensive 
agriculture 

orounuwater 
discharge 

•  Maintains  wet 
environments  for  habitat 
and  recreation 

•  Water  discharge  in  drought 

P,  AP,  BDM; 
important  in 
areas 

influenced  by 
drought, 
especially 
BDM  and  P 

Water  storage 

•  Flood  attenuation  after 
heavy  rains  and  spring  melt 

•  Reduction  of  soil  erosion 
and  floodwater  damage  to 
urban  and  agricultural  areas 

r,  Ar,  BUM; 
especially  in 
disturbed  areas 
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Peat  accumulation 

•  Net  storage  of  carbon  may 
offset  climate  warming  and 
greenhouse  gases 

•  Storage  of  N  in  peat 

•  Peat  extraction  for  energy 
and/or  horticultural  uses 

P,  AP,  BDM; 
most  important 
in  BDM  which 
has  bogs  and 
fens;  few  peat- 
based  systems 
in  AP  and  P 
regions 

3. 4. 1    Biological  Functions 


One  of  the  most  important  functions  of  Alberta  wetlands  is  to  provide  habitat  for  a 
variety  of  organisms,  including  plant  species,  waterfowl,  fish,  insects  and  other  wildlife.  The 
unique  habitat  of  wetlands  provides  a  valuable  life  support  function  in  the  forms  of  food,  shelter 
and  habitat  for  wet-adapted  plant  and  animal  species.  It  is  estimated  that  in  Alberta  over  200 
species  of  waterfowl,  1 6  species  of  mammals  and  1 1  species  of  reptiles  are  directly  dependent  on 
wetlands,  and  countless  others  are  indirectly  dependent  on  wetlands  for  life  support  (Alberta 
Environmental  Protection  1999). 

Alberta  wetlands  are  especially  important  to  waterfowl  as  sites  for  nesting,  breeding,  and 
feeding.  Northern  wetlands  in  the  province,  such  as  those  in  the  boreal  mixedwood  region,  are 
still  important  habitats  for  waterbirds,  however  they  typically  support  lower  densities  of  birds 
than  wetlands  of  the  prairies  and  parkland  (AEP  1993,  Prescott  1995).  Boreal  wetlands  may 
become  a  more  important  site  for  breeding  and  nesting  of  waterfowl  during  times  of  drought  in 
the  southern  part  of  the  province.  Further,  although  boreal  bird  density  in  boreal  wetlands  is  less 
compared  to  the  prairies,  the  overall  number  of  waterbirds  in  the  boreal  forest  is  just  being 
recognized.  Shallow  depressional  marshes  and  open  water  wetlands  characteristic  of  the  prairie 
and  aspen  parkland  regions  are  especially  important  to  waterfowl  species.  These  shallow,  warm 
water  wetlands  provide  ideal  habitat  for  a  variety  of  invertebrates  which  are  a  food  source  for 
ducks  and  other  waterbirds  (e.g.,  geese,  herons,  swans,  cranes).  Marsh  emergent  vegetation 
provides  cover  and  protection  for  nests  and  chicks. 

Alberta  wetlands  provide  habitat  and  life  support  functions  for  several  threatened  or 
endangered  bird  species  in  Canada,  including  the  peregrine  falcon,  piping  plover,  and  whooping 
crane.  These  species  are  listed  as  endangered  by  the  Committee  on  the  Status  of  Endangered 
Wildlife  in  Canada  (COSEWIC)  (COSEWIC  2003). 

Wetlands  in  Alberta  are  also  important  habitat  for  unique  hydrophytic  vegetation. 
Wetland  vegetation,  in  addition  to  its  biological  productivity  and  diversity,  provides  several 
chemical  and  physical  functions  that  are  discussed  later.  Wetland  plant  productivity  is  generally 
higher  in  prairie  and  parkland  marshes  than  in  peatlands  of  the  boreal  dry  mixedwood  region  of 
the  province  (van  der  Valk  and  Davis  1978,  Thormann  and  Bayley  1997,  Szumigalski  and 
Bayley  1996,).  Wetlands  in  the  province  are  habitat  for  several  rare  vascular  plant  species 
(Packer  and  Bradley  1984).  Many  of  these  rare  plants  are  identified  in  the  prairie  and  aspen 
parkland  region.  It  is  likely  that  Alberta  wetlands  are  important  to  several  other  rare  or 
endangered  plant  species,  but  extensive  research  in  this  field  is  lacking,  especially  in  boreal  areas 
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of  the  province.  However,  recently  Locky  et  al.  (2005)  and  Locky  and  Bay  ley  2006  have  shown 
boreal  forested  fens  to  be  important  habitats  for  rare  plants.  Estimates  of  threatened  or  rare  plants 
in  the  province  are  most  likely  underestimated.  Rare  plants  documented  in  wetlands  of  boreal 
Alberta  are  submerged  aquatic  species  found  in  shallow  open  water  wetlands,  but  also  plants 
such  as  slender  leaf  sundew  (Drosera  linearis)  or  northern  pitcher  plant  {Sarracenia  pupiirea) 
(e.g.,  Forest  2001).  Rare  plants  documented  in  prairie  and  parkland  wetlands  of  the  province  are 
typically  grasses,  sedges  and  herbs  located  mostly  at  wetland  margins  and  fringes. 

Alberta  wetlands  support  other  wildlife,  including  fish  and  fur  and  game  species.  These 
species  are  important  economically  for  recreational  and  commercial  hunting,  fishing  and 
trapping.  In  addition.  Alberta  wetlands  provide  habitat  to  several  amphibian  and  reptile  species, 
many  of  which  are  threatened  or  endangered  (Alberta  Fish  and  Wildlife  1991). 

3.4.2  Chemical  Functions 

The  unique  wetland  environment  provides  ideal  sites  for  element  transformations  and 
nutrient  cycling  (Schlesinger  1991).  Nutrients,  such  as  nitrogen  and  phosphorus,  are  transformed 
by  microbes  and  vegetation.  Large  quantities  of  nitrogen  are  removed  by  denitrification  and 
storage  in  peatlands  in  the  boreal  dry  mixedwood  region  (Wray  2005,  Mewhort  2000).  Large 
quantities  of  phosphorus  are  deposited  and  retained  in  organic  sediments  (White  et  al.  2000), 
although  Ferone  and  Devito  (2004)  showed  phosphorous  releases  in  northern  peatlands. 

One  of  the  most  important  functions  of  wetlands  in  Alberta  is  the  ability  to  reduce  or 
remove  chemicals  and  nutrients  from  water.  A  reduction  in  water  velocity  through  wetlands  and 
large  surface  water  areas  promote  longer  contact  time  between  contaminated  water,  sediments 
and  plant  roots.  Adjacent  aerobic  and  anaerobic  conditions  in  the  wetland  environment  promote 
chemical  reactions  and  transformations.  Wetland  plants'  hydrophytic  adaptations  enable  direct 
uptake  and  storage  of  nutrients  such  as  nitrogen  and  phosphorus,  thus  preventing  eutrophication 
downstream  (Mitsch  and  Gosselink  2000).  Furthermore,  chemicals  such  as  pesticides  and  other 
toxicants,  including  heavy  metals,  can  be  removed  from  water  by  adsorption  to  wetland 
sediments,  uptake  by  wetland  vegetation,  and  breakdown  or  consumption  by  wetland  microbial 
or  other  decomposer  communities  (Mitsch  and  Gosselink  2000).  Riparian  areas  adjacent  to 
shallow  open  water  wetlands  may  be  especially  useful  for  water  purification.  They  filter  run-off 
from  the  surrounding  landscape  and  can  aid  significantly  in  reducing  nutrient,  sediment,  or 
toxicant  loads.  Wetlands  of  the  prairie  and  aspen  parkland  region  may  be  important  in  water 
purification  of  runoff  from  surrounding  agricultural  and  urban  landscape  (Euliss  et  al.  1999). 
Increased  industrial  disturbance  in  the  boreal  dry  mixedwood  region  is  expected  to  load  nutrients 
into  the  landscape  (Devito  et  al.  2000)  which  could  enter  into  regional  wetlands  for 
transformation  or  storage. 

3.4.3  Physical  Functions 

Alberta  wetlands  provide  several  physical  functions  including  hydrological  functions  and 
physical  accumulation  of  organic  material  (peat).  Wetland  hydrology  maintains  wet  habitats  and 
functions.  Wetlands  are  an  integral  part  in  the  local  and  regional  hydrologic  cycle  and  can 
influence  regional  evapotranspiration,  precipitation,  recharge  and  discharge  (Winter  1989).  All 
Alberta  wetlands  are  potentially  important  areas  for  water  storage,  especially  following  heavy 
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rains  and  spring  snow  melt.  Water  stored  in  wetlands  can  prevent  flooding  downstream  and  can 
be  released  slowly  during  times  of  drought  to  replenish  creeks  and  restore  soil  moisture.  Flood 
attenuation  is  especially  important  in  prairie  and  aspen  parkland  areas  of  the  province  where 
excess  water  can  be  detrimental  to  urban  or  agricultural  areas. 

Prairie  wetlands  receive  most  water  from  spring  snowmelt  (NWWG  1988),  whereas  more 
northern  wetlands  receive  most  water  from  summer  precipitation.  In  spring,  flooded  prairie 
wetlands  can  function  as  a  recharge  area,  replenishing  groundwater  supplies  (Winter  1989). 
Shallow  depression  wetlands  can  dry  later  in  summer  and,  as  a  result,  the  hydraulic  gradient  can 
switch  and  wetlands  can  become  discharge  areas,  storing  water  and  attenuating  floods  during 
summer  storms.  Although  individual  water  storage  capacity  of  prairie  wetlands  may  be  small 
due  to  small  basin  size,  the  combined  total  water  storage  of  several  wetlands  regionally  may  be 
very  large  in  areas  with  numerous  wetlands  (Winter  1989).  Overall,  wetlands  in  the  prairie  and 
aspen  parkland  regions  are  more  likely  to  be  useful  for  flood  attenuation  due  to  their  semi- 
permanent nature.  Wetlands  of  the  boreal  mixedwood  region  are  generally  wetter  and  more 
permanent  with  waterlogged  soils,  but  are  still  subject  to  drying  in  certain  years.  It  is  difficult  to 
assign  general  statements  about  the  role  of  prairie,  parkland  and  boreal  mixedwood  wetlands  as 
recharge  or  discharge  sites,  since  this  depends  on  soil  permeability,  water  flow  paths  and 
volume,  wetland  volume,  basin  size,  precipitation,  evapotranspiration  and  other  climate  factors. 

Wetland  vegetation  physically  impedes  soil  erosion  by  trapping  sediments.  Marsh 
vegetation  at  the  edges  of  shallow  ponds  traps  sediments  and  stabilizes  the  shorelines  (Mitsch 
and  Gosselink  2000).  Erosion  control  is  especially  important  in  the  prairie  and  aspen  parkland 
regions  of  the  province  to  prevent  the  loss  of  topsoil  from  agricultural  lands. 

Bog  and  fen  wetlands  in  the  boreal  dry  mixedwood  store  carbon  in  the  form  of 
accumulated  peat  (partially  decomposed  organic  matter).  This  carbon  sequestration  results  in  the 
removal  of  carbon  from  the  atmosphere  which  possibly  offsets  emissions  of  C  to  the  atmosphere 
and  reduced  climate  warming  (Gorham  1991). 
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4.0    DEFINING  INDICATORS  OF  HEALTHY  WETLAND  ECOSYSTEMS 


A  healthy  wetland  ecosystem  can  be  defined  as  a  wetland,  including  all  of  its  biological, 
chemical  and  physical  parameters  and  their  interactions  that  are  providing  ecological  and 
economic  functions  (Mitsch  and  Gosselink  2000).  A  healthy  wetland  is  one  that  can  support 
biological  communities  and  has  similar  physical  and  chemical  characteristics  to  natural  habitats 
within  the  same  region  (Mitch  and  Gosselink  2000).  Wetlands  are  disturbed  by  a  variety  of 
factors  that  may  be  measured  directly.  For  example,  we  can  measure  the  wetland  (or  often  the 
species)  response  to  a  concentration  of  a  toxicant  entering  a  system.  Examples  are  fish  mortality 
resulting  from  changes  in  invertebrate  and  algal  communities  and  productivity.  Because  of  the 
numerous  pathways  of  wetland  disturbance,  measuring  all  potential  disturbances  in  a  wetland 
and  the  potential  responses/loss  of  functions  within  the  system  is  not  convenient  or  practical. 
The  challenge  lies  in  finding  methods  to  evaluate  wetland  health  and  to  determine  the  extent  to 
which  health  has  been  degraded  by  measuring  a  few  key  parameters,  or  indicators.  These  then 
ideally  show  a  cause-and-effect  response.  Indicators  are  useful  because  they  provide  information 
on  ecosytem  health  without  measuring  numerous  processes  and  parameters,  and  as  such  provide 
time  and  cost-effective  evaluations.  However,  indicators  only  provide  a  general  picture  of 
wetland  health.  For  more  specific  information  on  a  particular  disturbance  or  loss  of  function, 
more  intensive  measurements  may  be  needed. 

Indicators  of  wetland  health  can  be  divided  into  three  main  categories:  biological, 
chemical  and  physical  (Table  5).  Problems  arise  because  many  of  these  factors  are  interrelated 
and  interact  with  one  another.  For  example,  if  a  wetland  is  disturbed  chemically  e.g.,  by  addition 
of  nutrient-rich  water,  we  may  see  changes  in  the  nutrient  status  but  may  also  see  changes  in  the 
biota,  e.g.  in  the  algal  community  and  density.  Therefore,  it  is  often  impractical  to  focus 
indicator  measurements  on  one  category,  but  it  may  be  more  effective  to  evaluate  several 
parameters  to  assess  health  and  quality  of  a  wetland.  In  addition,  given  the  variability  of  natural 
wetlands,  more  than  one  indicator  is  usually  required  to  quantify  changes  in  wetland  state  or 
fimcfion  (US  EPA  2002c). 


Table  5     Common  biological,  chemical  and  physical  indicators  of  wetland  ecosystem  health 
and  quality 


Indicator 

Parameters  measured 

Possible  responses  to 
disturbance 

Biological 

Birds 

Macro-invertebrates 

Amphibians 

Zooplankton 

Algae 

Vegetation 

Microbes 

Community  and/or 
population  structure, 
diversity,  species 
richness,  health  of 
individuals 

•  Shifts  in  species 
composifion, 
community  structure 

•  Disturbance-tolerant 
species  dominate 

Chemical 

pH 

Turbidity 
Dissolved  Oxygen 
Phosphorus  and 

Acidity,  water  clarity, 
nutrient  status  of  water, 
metals,  pesticides, 
hydrocarbons,  salinity. 

•  Changes  in  water  pH, 
eutrophication  and 
algal  blooms,  anoxic 
water  and/or  sediments 
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Nitrogen 
concentrations, 
Metals 
Pesticides 

Dissolved  Organic  C 
Major  Ions 
Cyanotoxins 

organics 

•  Changes  to 
biogeochemical 
cycling 

•  Toxic  responses  by 
organisms 

J.  It  Y 

Water  depth 
Temperature 
Hydrology 

composition 

Decomposition 

Structure 

Water  availability  and 
permanence,  water 
recharge  and  discharge 

f*analiilitip<s  npat 

accumulation 
Seasonality  of  changes 
in  water  depth 

•  Changes  in  water 
storage  or  discharge 

•  Changes  to  ground  or 

oU.XiCtL'C  VVdlCl 

connectivity 

•  Increased  or  decreased 
decomposition 

Biological  indicators  are  numerous  and  are  probably  the  most  commonly  measured 
parameters  for  determining  overall  wetland  ecosystem  health.  Possible  biological  indicators 
include  microbial  assemblages,  algae  and  vegetation,  zooplankton,  macro-invertebrates, 
amphibians,  fish  and  bird  communities.  Microbial  assemblages  and  community  compositions 
are  useful  measurements  because  wetland  microbes  are  responsible  for  transforming  and 
removing  nutrients,  metals  and  organic  matter  within  the  system  (Mickle  1993).  Wetland  algal 
communities  are  useful  as  indicators  because  the  dominant  species  often  change  with  disturbance 
(Robinson  et  al.  1997).  For  example,  cyanobacteria  forms  a  very  dense  algal  biomass,  and 
typically  dominates  eutrophic  waters  (Murkin  et  al.  1991).  Vascular  wetland  vegetation  is  often 
used  as  an  indicator  because  characteristic  responses  to  disturbance,  including  biomass  and 
community  composition,  are  changes  that  are  readily  measured.  Other  wetland  biological 
communities  such  as  birds,  amphibians,  invertebrates  and  fish  may  be  useful  as  indicators 
because  they  are  often  especially  vulnerable  to  wetland  disturbance.  Such  changes  can  be 
measured  in  community  structure,  population  density  and  overall  health  and  productivity  of 
individuals. 

Chemical  indicators  of  wetland  health  include  water  and  soil  chemistry  parameters  such 
as  nutrient  concentrations,  dissolved  oxygen  concentrations,  CEC  and  pH.  In  addition,  direct 
measurements  of  certain  contaminants  or  toxicants  may  be  measured.  Nutrient  concentrations, 
especially  nitrogen  and  phosphorus,  indicate  wetland  productivity.  Other  chemical  parameters 
such  as  dissolved  oxygen  concentration  and  pH  can  provide  insight  into  wetland  conditions  and 
what  types  of  biological  communities  can  thrive. 

Physical  indicators  include  measurements  of  wetland  hydrology  and  seasonality, 
including  water  storage  and  flow,  groundwater  connectivity,  sediment  composition,  and  organic 
matter  accumulation.  Organic  matter  accumulation  and  decomposition  rates  may  change  in 
response  to  chemical  and/or  physical  disturbances  such  as  flooding,  draining  (Bridgham  et  al. 
1991),  or  adjacent  land  use 
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5.0    RELATIONSHIPS  BETWEEN  WETLAND  FUNCTIONS  AND 
INDICATORS 


When  the  chemical,  physical  and/or  biological  aspects  of  wetland  ecosystem  are 
disrupted,  functions  and  associated  values  can  be  disrupted  or  lost.  To  assess  disturbance  or  the 
overall  health  and  quality,  chemical,  physical  or  biological  indicators  may  be  used. 

Usefiil  indicators  are  wetland  attributes  that  respond  in  a  predictable  manner  along  a 
gradient  of  human  disturbances  (US  EPA  2002c,  d).  The  most  common  approaches  to 
determining  indicators  in  wetland  systems  are  listed  below,  based  on  the  US  EPA  (2002c). 
Baseline  data  from  reference  systems  in  the  region  must  be  collected  first.  Such  reference 
wetlands  should  represent  a  wide  range  of  conditions  or  gradients  from  natural,  undisturbed 
wetlands  to  those  heavily  impacted  by  disturbances.  Indicators  of  the  wetland  being  assessed  can 
then  be  compared  to  the  baseline  data  to  determine  the  relative  health  (Figure  2).  Ideally, 
efficient  and  practical  approaches  are  selected.  Because  it  is  impossible  and  not  cost-effective  to 
measure  every  biological,  chemical  or  physical  indicator  of  a  wetland's  quality,  we  want  to 
measure  only  those  attributes  that  will  accurately  reflect  the  health  of  the  system  as  a  whole.  Use 
of  indicators  can  be  problematic  however  because  natural  wetland  conditions  vary  so  widely  and 
it  can  be  difficult  to  differentiate  between  a  man-made  disturbance  and  natural  variation. 

5.1  Physical  Indicators 

Physical  indicators  can  include  both  structural  and  process-based  measurements. 
Structural  changes  can  be  easier  to  measure  and  link  to  physical  processes.  Measuring  physical 
processes  to  indicate  wetland  health  can  be  difficult  and  time  and  cost-consuming.  For  example, 
measurement  of  groundwater  coimectivity  and  recharge  or  discharge  sites  is  expensive,  difficult 
and  labour  and  time  intensive.  Wetland  systems  may  switch  from  recharge  to  discharge  systems 
seasonally  or  vary  within  the  same  wetland  at  the  same  time  (e.g.,  one  end  of  a  wetland  may  be  a 
recharge  zone  and  the  other  end  may  be  a  discharge  zone)  (Ferone  and  Devito  2004).  Physical 
changes  to  a  wetland's  hydrology  may  occur  slowly  over  time  and  it  can  be  difficult  to  monitor 
those  changes.  Other  physical  changes  are  obvious.  Examples  are  ditching  or  draining  and 
physical  measurements  of  water  levels  and/or  areas  disrupted  can  be  used  as  indicators. 
Functions  such  as  water  storage,  flood  control,  and  peat  accumulation  may  be  disrupted  by 
physical  disturbances.  However  disturbances  like  these  may  be  difficult  to  actually  quantify, 
especially  when  the  natural  physical  conditions  and  hydrology  are  variable.  Instead,  reflections 
or  impacts  of  physical  disturbances  may  be  more  easily  quantified  in  chemical  or  biological 
parameters  of  the  system.  For  example,  changes  in  water  table  are  often  expressed  in  changes  in 
plant  species  assemblages. 

5.2  Chemical  Indicators 

Water  chemistry  parameters  may  be  useful  for  indicating  overall  wetland  health  and  are 
typically  the  first  parameters  investigated  to  assess  water  quality.  For  example,  total  phosphorus 
is  strongly  correlated  to  trophic  status  of  wetlands  (Bayley  and  Prather  2003)  which  is  also 
related  to  the  plant  and  invertebrate  communities  present.  However,  there  are  numerous  chemical 
parameters  to  consider  and  it  would  be  impossible  to  measure  them  all.  Chemical  indicators, 
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especially  water  chemistry  parameters,  can  be  problematic  because  of  cost  and  time 
requirements.  Further,  chemical  interactions  are  complex  and  may  be  difficult  to  measure.  For 
example,  a  particular  chemical  may  degrade  or  transform  quickly  and  detection  may  not  be 
possible.  Furthermore,  it  is  not  cost  effective  to  measure  chemical  parameters  frequently  or  over 
a  long  period  of  time.  Unless  there  is  concern  about  a  specific  chemical  or  contaminant,  direct 
measurements  may  not  provide  a  general  picture  of  wetland  health.  Sediment  chemistry  may 
provide  a  better  and  more  long-term  picture  because  chemicals  can  persist  in  sediment. 

5.3      Biological  Indicators 

Biological  indicators  are  often  considered  to  be  the  most  useful  indicators  (US  EPA 
2002d)  because  it  is  generally  assumed  that  the  plant  and  animal  communities  of  wetlands  most 
accurately  reflect  wetland  health.  Biological  indicators  considered  most  useful  in  assessing 
wetland  health  include  microbes,  vascular  and  non-vascular  plants,  invertebrates  and  birds.  Other 
indicators,  such  as  amphibians,  fish  and  reptiles,  are  used  in  selected  wetlands  but  are  not 
reliably  found  in  shallow  isolated  wetlands. 

Measuring  microbial  assemblages  in  a  wetland  can  provide  information  on  removal  of 
nutrients  and  metals  from  wetlands  (Mickle  1993)  because  certain  types  of  microbes  are 
responsible  for  each  of  these  functions  (Tate  1995).  Measurement  of  microbial  community 
structure  can  be  difficult  and  total  microbial  biomass  or  decomposition  rates  may  be  a  more 
useful  indicator  of  microbial  activity  (Horwath  and  Paul  1994  and  Thormann  et  al.  1999). 

Algal  and  vascular  plant  communities  are  very  important  in  wetland  ecosystems  because 
they  function  as  an  energy  source -for  higher  organisms.  Algal  community  structure  can  indicate 
trophic  status  of  a  wetland  and  therefore  nutrient  loading.  Vascular  plant  communities,  including 
shrubs,  emergent  macrophytes,  and  floating  or  submersed  aquatic  vegetation,  are  sensitive  to 
changes  in  water  and  nutrient  availability  (Keddy  2000)  and  distinct  wetland  vegetation 
communities  or  zones  are  often  delineated  by  water  level.  Many  wetland  macrophytes  are  noted 
for  their  ability  to  assimilate  pollutants  and  many  of  these  plants  are  tolerant  to  contamination. 
Changes  in  community  composition,  increases  in  biomass,  and  changes  to  plant  health  are  useful 
indicators.  Nutrient  loading  in  wetlands  may  result  in  increased  plant  productivity,  increased 
biomass,  and  monocultures  of  nutrient-tolerant  species  such  as  cattails.  Diversity  of  plant 
communities  can  increase  or  decrease  in  response  to  disturbances  (Englund  1991),  and  therefore 
measuring  plant  biomass  and  dominant  species  present  may  be  indicative  of  wetland  health. 
Many  shallow  lakes  are  considered  healthy  if  they  contain  submersed  aquatic  vegetation  (SAV) 
rather  than  pelagic  algae  (Chow-Fraser  1999).  Overabundant  growth  of  native  species  of  SAV 
may  not  be  considered  desirable  by  people,  although  it  can  be  healthy  in  an  ecosystem  context. 
Wetland  trophic  status  (dominance  of  submersed  aquatic  vegetation  communities  and/or  algal 
communities)  is  widely  used  to  evaluate  wetland  health.  Marshes  and  shallow  open  water 
wetlands  in  Alberta,  just  as  lakes,  can  range  from  oligotrophic  to  hypertrophic  and  measurements 
of  algal  or  vegetation  communities  are  relative  rather  than  absolute  (Bayley  and  Prather  2003). 

Invertebrate  communities  in  wetlands  are  good  indicators  of  wetland  trophic  status 
(growth  of  SAV  and/or  algae).  Some  invertebrate  species  are  specialized  for  feeding  on  certain 
types  of  aquatic  plants  (Murkin  et  al.  1991)  and  as  aquatic  plant  biomass  increases  (e.g.,  with 
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increasing  nutrient  concentrations),  so  do  invertebrates.  Invertebrate  community  structure  is  also 
sensitive  to  changes  in  disturbance  to  the  landscape  surrounding  wetlands,  including  agricultural 
and  urban  expansion  (Anderson  and  Vondracek  1999). 

Several  studies  have  used  bird  community  composition  on  wedands  to  indicate  land  use 
and  disturbance  of  the  region  surrounding  the  wetland  ( Adamus  et  al.  200 1 ).  Chemical 
contamination  to  wetlands  can  affect  birds,  most  likely  by  altering  the  vegetation  and 
invertebrates  that  are  consumed  by  the  birds  therefore  chemical  disturbances  may  be  difficult  to 
quantify  using  birds  as  indicators. 

The  following  should  be  considered  when  using  fish,  amphibians  and  reptiles  as 
indicators.  The  water  columns  of  many  shallow  wetlands  in  temperate  and  boreal  regions  freeze 
completely  during  winter  killing  the  fish  and/or  other  organisms.  Further,  many  of  these 
wetlands  have  never  been  colonized  by  fish.  Amphibians  are  extremely  sensitive  to  a  variety  of 
disturbances  and  hence  would  make  excellent  indicators.  However  they  are  in  decline  (Wake 
1991)  in  many  areas  of  Alberta  for  a  variety  of  reasons  and  are  often  not  present  in  otherwise 
healthy  wetlands.  Thus,  the  presence  of  various  amphibians  indicates  that  the  wetland  is  healthy, 
however  the  absence  of  amphibians  does  not  indicate  that  the  wetland  is  unhealthy.  Amphibians 
may  be  used  as  a  component  in  an  index  of  biological  integrity  but  are  not  likely  to  be  as  useful 
initially  in  the  development  of  indices  for  Alberta  wetlands. 

5.4      Interactions  of  Indicators 

Several  indicators  within  a  wetland  system  can  be  combined  to  form  a  multimetric  index 
of  the  overall  health  or  condition  of  a  wetland  site  (Figure  2).  These  metrics  may  be  expressed  as 
a  number  which  is  a  rating  that  indicates  the  amount  of  deviation  of  the  system  from  the  same 
values  measured  in  undisturbed  systems  (Karr  and  Chu  1999).  Combining  multiple  indicators  is 
useful  because  it  encompasses  sensitivity  of  the  system  to  a  wider  range  of  disturbances. 
Currently  this  method  is  being  employed  in  the  United  States  (US  EPA  2002c,  Rader  et  al. 
2001). 
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Figure  2  Framework  for  choosing  potential  indicators  and  combining  those  indicators 
into  a  multimetric  index  to  identify  wetland  health  (adapted  from  Karr  et  al. 
1986  and  US  EPA  2002c) 
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6.0    DISTURBANCES  AFFECTING  WETLANDS  IN  ALBERTA'S 

PRAIRIE,  ASPEN  PARKLAND  AND  BOREAL  DRY  MIXEDWOOD 
REGIONS 

Many  wetlands  are  in  topographically  low  landscape  positions,  which  make  them 
vulnerable  to  impacts  from  disturbances  in  surrounding  landscapes,  especially  if  surface-water 
and/or  run-off  fed  (Adamus  1992,  Denny  1994).  Disturbance  is  defined  as  events  that  cause  the 
functions  or  values  of  a  wetland  or  a  system  of  wetlands  to  vary  outside  of  a  normal,  natural 
range  (Detenbeck  et  al.  1999).  This  includes  changes  to  the  ecosystem,  community  or  population 
structure,  and/or  changes  to  the  physical  or  chemical  environment  (Pickett  and  White  1985). 
Disturbances  with  the  greatest  impacts  to  wetland  functions  and  values  include  sedimentation, 
changes  to  hydrology,  water  retention  time,  biomass  removal  and  nutrient  enrichment 
(Detenbeck  et  al.  1999).  Furthermore,  disturbed  wetlands  are  often  susceptible  to  invasions  by 
non-native  species  (Galatowitsch  et  al.  2000),  a  problem  which  is  becoming  wide-spread 
(Vitousek  et  al.  1996).  Further,  disturbed  wetlands  may  be  quickly  colonized  by  native  but 
aggressive  species  such  as  cattails  (Typha  latifolid).  Responses  of  wetland  systems  to 
disturbances  generally  include  shifts  in  biotic  community  compositions  and/or  productivity, 
decreased  diversity  or  abundance  of  biota,  and  decreased  water  quality  (Detenbeck  et  al.  1999). 

In  very  general  terms,  healthy  wetlands  have  abundant  aquatic  vegetation  (both  emergent 
and  submersed)  which  reduces  turbidity,  and  sequesters  nutrients,  whereas  systems  impacted  by 
disturbance  generally  have  little  aquatic  vegetation  and  are  turbid  and  nutrient  rich  (Chow-Fraser 
1999).  But  note,  some  wetland  types,  especially  oligotrophic  types  and/or  wetlands  on  calcium 
carbonate  (e.g.  in  the  foothills)  can  have  clear  water  but  a  very  sparse  plant  community  (species 
and  mass).  Healthy  wetlands  are  generally  those  that  remain  close  to  a  pristine,  natural  state  and 
are  not  impacted  by  anthropogenic  disturbances.  Natural  variation  is  quite  common  among  and 
within  wetland  systems  (Rose  and  Crumpton  1 996)  and  should  be  considered  in  health 
assessment.  For  example,  prairie  wetlands  experience  natural,  yet  dramatic  wet/dry  fluctuations 
(van  der  Valk  and  Davis  1978),  which  often  have  dramatic  effects  on  the  vegetation  communities 
(Kantrud  et  al.  1989).  It  may  be  especially  difficult  to  distinguish  between  natural  and 
anthropogenic  disturbance  to  wetlands  in  Alberta  as  natural  conditions  range  so  widely. 

Disturbances  to  wetland  systems  may  be  natural  (water  level  fluctuations,  soil  deposition, 
fires)  or  anthropogenic  (landscape  changes,  drainage,  fragmentation,  nutrient  input,  chemical 
input)  or  a  combination  of  natural  and  anthropogenic  influences  (climate  change)  (Niemi  et  al. 
2004).  The  challenge  lies  in  distinguishing  between  natural  and  anthropogenic  disturbances  and 
variation  in  wetland  ecosystems  (Niemi  et  al.  2004). 

In  general,  disturbance  to  wetland  systems  can  be  grouped  into  three  categories:  1 . 
complete  loss  or  destruction  of  wetlands  (resulting  in  complete  loss  of  wetland  functions),  2. 
direct  disturbance,  or  3.  indirect  disturbance  to  wetlands  (resulting  in  impairment  of  wetland 
functions). 
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6.1      Loss  and  Destruction  of  Wetlands 

The  greatest  and  most  harmful  disturbance  to  global  wetlands  is  the  complete  loss  of 
wetlands  through  drainage  or  filling  (Mitsch  and  Gosselink  2000).  In  central  and  southern 
Alberta,  the  greatest  loss  of  wetlands  occurs  as  a  result  of  agricultural  and  urban  expansion. 
Destruction  of  wetlands  for  agriculture  is  especially  prevalent  in  the  prairie  region  of  the 
province  (Podruzny  et  al.  2002,  Miller  and  Duncan  1999,  Budelsky  and  Galatowitsch  2004) 
which  has  been  used  for  agriculture  for  over  a  century  (Kantrud  and  Newton  1996).  In  the  prairie 
region,  wetlands  historically  covered  20-60%  of  the  landscape  area,  however  today  the  majority 
of  these  have  been  drained  to  form  croplands  (Turner  et  al.  1987).  Estimates  of  wetland  loss  in 
the  prairie  region  are  approximately  40%  with  over  90%  of  remaining  wetlands  adversely 
affected  by  agricultural  and  urban  expansion  (Turner  et  al.  1987).  The  entire  prairie  pothole 
region  of  North  America  has  been  transformed  from  a  landscape  of  grasslands  embedded  with 
numerous  wetlands  to  a  fragmented  agricultural  landscape  (Naugle  et  al.  2001,  Kantrud  1986)  of 
predominantly  cereal  and  canola  crops  (Anderson  et  al.  2002).  Currently,  approximately  21%  of 
Alberta's  land  area  is  covered  with  wetlands,  most  of  which  are  peatlands  in  the  northern  part  of 
the  province  (NWWG  1988).  In  the  parkland  region  of  Alberta,  an  estimated  60%  of  wetlands 
have  been  lost  in  the  last  century.  This  number  jumps  to  75%  in  the  regions  surrounding  major 
cities  such  as  Edmonton,  where  wetlands  have  been  drained  or  destroyed  by  building  roads 
nearby 

Temporary  or  seasonal  wetlands  are  abundant  in  the  prairie  pothole  region  of  North 
America,  however  they  represent  the  lowest  proportion  of  protected  wetlands  in  the  area  (Naugle 
et  al.  2001).  Because  of  their  extremely  dynamic  nature,  temporary  and  seasonal  wetlands  are  at 
greatest  risk  for  loss  to  agricultural  or  urban  expansion  (Zimmer  et  al.  2001). 

Urban  expansion  is  more  prevalent  in  the  aspen  parkland  region  of  the  province,  although 
agricultural  expansion  is  occurring  as  well  (Bjorge  1999),  resulting  in  wetland  loss.  In  the  boreal 
dry  mixedwood  region  of  Alberta,  agriculture  continues  to  expand  into  undisturbed  lands 
resulting  in  the  drainage  of  wetlands.  In  addition,  wetland  loss  is  attributed  to  exploration  and 
extraction  for  oil  and  gas.  The  boreal  forest  of  Canada  comprises  25%  of  the  world's  forests  and 
over  30%  of  Canada's  boreal  landscape  is  covered  with  wetlands  (World  Resources  Institute 
2000).  The  southern  edge  of  the  boreal  forest  in  western  Canada  is  being  rapidly  developed  and 
modified  for  forestry,  mining,  oil  and  gas  extraction/exploration  and  recreation  (AEP  1999,  DUC 
2004,  Hobson  et  al.  2002,  Westbrook  and  Devito  2004)  and,  as  a  result,  less  than  17%  of  the 
boreal  plain  ecozone,  including  its  numerous  wetlands,  remains  as  intact,  continuous  landscape 
(Lee  et  al.  2003). 

When  wetlands  are  lost  or  destroyed  their  associated  biological  and  economic  functions 
are  also  destroyed  completely.  This  is  unfortunate,  as  natural  functions  of  wetlands  may  be  most 
beneficial  in  areas  impacted  by  agriculture  and  urban  expansion  due  to  the  natural  water 
purifying  characteristics  of  wetlands  (Mitsch  and  Gosselink  2000).  The  only  chance  for 
regaining  the  functions  and  values  of  'lost'  wetlands  is  to  restore  the  wetlands  that  have  been 
destroyed.  In  the  US,  widespread  restoration  of  wetlands,  especially  prairie  wetlands,  is 
underway  (Gleason  et  al.  2004). 


A  Review  of  indicators  of  wetland  healtli  and  function  in  Alberta's  prairie,  aspen  parkland  and  boreal  24 
dry  mixed  wood  regions 


6.2      Direct  Disturbances  to  Wetlands  in  Alberta 

Direct  disturbances  (defined  as  disturbances  that  occur  within  an  actual  wetland  complex) 
to  wetlands  in  Alberta  are  often  related  to  the  same  disturbances  that  destroy  wetlands  i.e., 
agricultural  expansion,  urbanization  and  resource  exploration  and  extraction.  However,  there  are 
also  natural  processes  which  can  disturb  wetlands  such  as  beaver  (Hood  2007).  Many  North 
American  freshwater  wetlands  are  closely  surrounded  by  agriculture  (McDougal  et  al.  1997).  In 
Alberta,  uplands  surrounding  wetlands  are  frequently  impacted  by  cultivation.  Bjorge  (1999) 
showed  that  only  55%  of  pond  margins  and  51%  of  uplands  in  the  aspen  parkland  of  Alberta 
were  free  from  cultivation.  In  prairie  wetlands,  cultivation  right  up  to  the  edge  of  ponds  and 
marshes  encourages  encroachment  of  woody  plants  such  as  Salix  species  into  herbaceous 
wetland  vegetation  (Kantrud  1986)  and  invasion  of  noxious  or  cropland  weeds  (Higgins  and 
Barker  1982).  Further,  expansion  of  agricultural  lands  in  Canada's  prairie  regions  results  in  the 
conversion  of  native  grasslands  to  croplands  (Podruzny  et  al.  2002,  Miller  and  Duncan  1999)  that 
has  been  implicated  in  the  decline  of  waterfowl  populations  (Podruzny  et  al.  2002,  Bethke  and 
Nudds  1995). 

In  agricultural  areas,  wetlands  are  impacted  directly  by  grazing  from  cattle  and  other 
animals,  water  extraction  for  irrigation,  direct  application  of  pesticides  and  other  chemicals  from 
spray  drift.  In  regions  where  agriculture  is  prevalent,  especially  in  the  prairie  and  aspen  parkland 
regions,  irrigation  practices  may  utilize  water  directly  from  nearby  wetlands  and  shallow  waters, 
which  alters  hydrology  and,  in  turn,  the  vegetation  of  the  wetland  systems  (Kantrud  1986). 

Cattle  grazing  is  becoming  an  increasing  problem  for  prairie  and  parkland  wetlands  in 
Alberta  (Casey  et  al.  1999)  resulting  in  wetland  vegetation  loss  through  herbivory,  trampling, 
and  nutrient  inputs  through  cattle  waste  (Collins  et  al.  1998,  Archer  and  Smeins  1991).  Removal 
of  wetland  vegetation  by  grazing  and  other  herbivory  opens  the  canopy  and  often  results  in  plant 
invasions  (Galatowitsch  et  al.  2000).  Fire  can  similarly  impact  wetland  vegetation  by  reducing 
height  and  density  of  tall  emergent  vegetation  (Kantrud  1986),  releasing  nutrients,  opening  the 
canopy  and  allowing  more  light  penetration  and  may  enhance  biological  productivity  (Wright 
and  Bailey  1982). 

In  Alberta,  especially  in  the  prairie  region,  it  is  suggested  that  agriculture  significantly 
contributes  to  degradation  of  surface  and  ground  water  (Miller  et  al.  1992,  Greenlee  et  al.  2000, 
Anderson  et  al.  2002).  In  the  USA,  agriculture  is  the  single  largest  contributor  of  pollution  to 
surface  and  groundwater  systems  (Geleta  et  al.  1994). 

In  urban  areas,  such  as  the  parkland  surrounding  Edmonton  and  prairie  regions 
surrounding  Calgary,  wetlands  and  wetland  health  are  poorly  documented.  Crosbie  and  Chow- 
Fraser  (1999)  found  poor  documentation  of  urban  wetland  loss  in  other  areas  of  Canada  as  well. 
Direct  disturbances  to  existing  wetlands  include  filling  of  the  wetland,  building  roads  through 
them,  changing  the  hydrologic  flow  paths  (routing  urban  runoff  into  wetlands),  and  conversion 
of  wetlands  to  stormwater  runoff  ponds.  Edmonton  and  Calgary  have  a  long  history  of  in-filling 
and  more  recently  of  using  their  wetlands  for  stormwater  management.  However,  in  2004  the 
city  of  Calgary  approved  a  wetland  conservation  plan  that  addresses  these  issues  (City  of  Calgary 
2004). 
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6.3      Indirect  Disturbances  to  Wetlands  in  Alberta 

Indirect  disturbances  to  wetlands  involve  disturbances  to  the  surrounding  landscape 
(uplands)  and  to  the  riparian  areas  adjacent  to  wetlands.  Indirect  disturbances  include  upland 
deforestation,  urbanization,  infrastructure  development  (e.g.  roads,  pipelines,  seismic  lines)  and 
pollutant  runoff  (nutrients,  sediment,  and  pesticides).  Natural  disturbances  include  fire,  flooding 
and  drought  that  can  affect  land  surrounding  wetlands  and  thus  indirectly  wetlands.  Land  use 
changes  can  have  indirect,  but  still  significant  impacts  on  freshwaters  (Soranno  et  al.  1996), 
resulting  in  the  loss  of  wetland  functions  and  values  (Walters  and  Shrubsole  2003).  Large-scale 
human  modifications  to  landscapes  have  generally  negative  effects  on  the  health  of  aquatic 
ecosystems  downstream  or  nearby  (Naiman  et  al.  1995).  Nutrient  loading  to  uplands  can  impact 
water  systems  downstream,  including  wetlands.  Draining,  ditching  and  deforestation  in  the 
surrounding  uplands  and  riparian  areas  can  affect  wetland  biotic  communities  (Naugle  et  al. 

1999)  through  changes  to  wetland  water  levels  (Euliss  and  Mushet  1996). 

Wetland  disturbances  are  prevalent  in  agricultural  landscapes  (Euliss  and  Mushet  1996) 
especially  in  the  prairie  pothole  region  of  North  America  (Euliss  et  al.  1999).  Indirect  impacts  of 
agricultural  activity  on  wetlands  include  increased  sedimentation  (Kantrud  1986,  Gleason  and 
Euliss  1998,  Gleason  et  al.  2003),  nutrient  enrichment  from  agricultural  runoff  (Koch  and  Reddy 
1992,  Neely  and  Baker  1989,  Hann  and  Goldsborough  1997,  Sandilands  et  al.  2000),  drift  and 
runoff  of  pesticides  and  other  chemicals  (Goldsborough  ad  Crumpton  1998),  and  the  associated 
alteration  of  wetland  functions  and  values.  In  general,  prairie  wildlife  habitat,  both  wetland  and 
upland,  is  declining  (Dechka  et  al.  2002)  because  of  these  land  use  changes.  In  the  prairie  and 
parkland  regions,  these  upland  activities  indirectly  affect  duck  populations  (Bethke  and  Nudds 
1995)  at  local  and  landscape  scales.  Since  availability  of  suitable  habitat  determines  success  of 
nesting  (Johnson  et  al.  1987),  these  activities  are  cause  for  concern. 

Urbanization  of  uplands  surrounding  wetlands  can  have  similar  indirect  impacts, 
including  contamination  of  waters  by  septic  waste,  road  salt  waste  and  runoff  of  these  and  other 
chemicals  in  stormwater  that  often  flows  into  wetlands  (Panno  et  al.  1999).  Construction  of 
roads  in  urban  areas  like  the  aspen  parkland,  as  well  as  roads  and  seismic  cutlines  for  resource 
exploration  in  the  boreal  dry  mixedwood,  fragment  the  landscape  resulting  in  disturbances  to 
wetlands  in  the  area.  Human  activities  such  as  these  often  load  nitrogen  (and  phosphorus)  into 
aquatic  systems  (Vitousek  1994).  Furthermore,  fragmented  landscapes  tend  to  support  fewer 
species  of  waterfowl  than  wetlands  in  unfragmented  landscapes  (Naugle  et  al.  2001). 

Agricultural  pesticides  are  a  threat  to  the  ecological  health  of  wetlands  in  the  northern 
prairies  and  parkland  regions  of  Alberta  (Donald  et  al.  1999).  In  the  Aspen  parkland,  glyphosate 
is  the  most  commonly  used  herbicide  and  can  negatively  affect  wetland  vegetation  (Byrtus 

2000)  .  Further,  wetlands  are  subject  to  input  of  agricultural  fertilizers  (Crumpton  and 
Goldsborough  1998)  and  land  application  of  manure  which  results  in  nutrient  loading  (Carpenter 
et  al.  1998)  which  can  result  in  increased  algal  productivity  and  algal  blooms  (Kim  2003). 

Pesticides  and  fertilizers  are  indirectly  delivered  into  wetlands  by  runoff,  spray  drift, 
leaching  to  groundwater  and  spills  (Goldsborough  and  Crumpton  1998).  Agriculture  is  a  major 
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source  of  pollution,  but  urban  land  use  can  also  have  strong  localized  effects  on  water  quality 
and  aquatic  biota  (Paul  and  Meyer  2001). 

Urban  expansion  in  wetland  catchments  can  result  in  increased  stormwater  flows  which 
can  contain  contaminants  (Pettigrove  and  Hoffman  2005).  For  example,  paved  road  density 
within  wetland  vicinity  in  southern  Ontario  was  related  to  decreased  biotic  species  richness 
(Findlay  and  Houlahan  1997),  possibly  caused  by  waters  highly  enriched  with  a  wide  range  of 
contaminants  (Birch  et  al.  2004),  many  of  which  are  generally  persistent  in  aquatic  environments 
(Winter  1988). 

Destruction  of  natural  riparian  buffer  zones,  whether  by  grazing,  burning  or  tillage,  can 
result  in  decreased  integrity  of  aquatic  systems  (Booth  and  Jackson  1997),  including  increased 
soil  erosion,  sedimentation,  eutrophication  (Freeman  and  Schorr  2004),  and  decreased  habitat 
(Kalff2002). 

6.4      Climate  Change 

Climatic  conditions  ultimately  determine  the  frequency  and  position  of  wetlands  in  the 
landscape  (Winter  1988)  as  well  as  the  feasibility  of  land-use  such  as  agricultural  activity 
(Detenbeck  et  al.l999).  As  a  result,  current  and  fiiture  climate  change  could  have  a  significant 
impact  on  wetlands  in  the  province  of  Alberta.  This  may  be  especially  important  in  the  boreal 
dry  mixedwood  region  of  the  province  where  the  most  southern  peatlands  in  Alberta  are  found. 
Peatlands  at  the  southern  part  of  the  boreal  plain  in  western  Canada  are  likely  to  be  highly 
sensitive  to  climate  change  disturbances  (Kettles  and  Tamocai  1999). 

In  the  prairie  and  parkland  regions  of  the  province,  global  climate  change  is  expected  to 
cause  changes  in  the  wet-dry  cycles  of  wetlands  (Poiani  and  Johnson  2003).  Semi-permanent 
wetlands  could  become  seasonal  during  dry  periods  and  seasonal  wetlands  could  become  semi- 
permanent in  wet  periods  (van  der  Valk  1995).  Furthermore,  seasonal  wetlands,  such  as  those 
common  in  southern  Alberta,  are  more  vulnerable  to  climate  change  than  larger,  more 
permanently  flooded  wetlands  (Detenbeck  et  al.  2003). 

In  general,  disturbances  to  wetlands  either  directly  or  indirectly,  are  prevalent  in 
Alberta's  prairie,  aspen  parkland  and  boreal  dry  mixedwood  regions.  The  challenge  lies  in 
finding  suitable  methods  for  measuring  the  impacts  of  these  disturbances  on  associated  functions 
and  values  of  these  wetlands.  This  is  difficult,  because  studies  on  Alberta  wetlands  are  rare, 
especially  in  the  Aspen  Parkland  (Savard  et  al.  1994)  and  boreal  dry  mixed  wood  regions.  In 
fact,  temperate  wetlands  in  all  of  North  America  are  not  adequately  studied  or  classified  (Amon 
et  al.  2002),  further  inhibiting  our  abilities  to  identify  good  indicators  of  wetland  disturbance.  In 
general,  wetland  mapping  in  Alberta  has  just  recently  begun  at  a  scale  suitable  for  management 
and  wetland  losses  have  not  been  adequately  quantified  in  the  prairie,  parkland  or  the  dry  boreal 
mixedwood  regions. 
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7.0  PHYSICAL  AND  CHEMICAL  PARAMETERS  AND  INDICATORS  IN 
WETLANDS  OF  ALBERTA'S  PRAIRIE,  ASPEN  PARKLAND  AND 
BOREAL  DRY  MIXEDWOOD  ECOZONES 

Physical  and  chemical  characteristics  of  wetlands,  watersheds  and  landscapes 
surrounding  wetlands  vary  naturally  and  with  anthropogenic  disturbances.  Characteristics 
include  watershed  and  wetland  area,  extent  of  upland  disturbance,  land-use,  extent  of  riparian 
zone,  water  depth,  retention  time,  and  nutrient  and  water  quality  status. 

Water  quality  parameters  commonly  measured  in  wetland  studies  include  nutrient 
concentrations,  pH,  conductivity,  turbidity  and  dissolved  oxygen.  Together,  these  parameters 
provide  an  overall  picture  of  the  chemical  conditions  of  the  wetland  surface  water. 
Measurements  of  nutrient  concentrations,  specifically  nitrogen  and  phosphorus  (N  and  P)  have 
long  been  used  as  an  indicator  of  aquatic  ecosystem  trophic  state,  where  those  waters  with  high 
levels  of  N  and  P  are  considered  eutrophic  or  hypereutrophic  and  those  with  lower 
concentrations  of  these  nutrients  considered  mesotrophic  or  oligotrophic  (Mitsch  and  Gosselink 
2000). 

Physical  characteristics  of  wetlands  and  shallow  open  waters  such  as  surface  water  depth 
and  retention  time  generally  vary  with  the  class  of  wetland  e.g.,  fen,  marsh,  seasonal  or  semi- 
permanent wetland  types  (NWWG  1998).  When  natural  flow,  retention  or  depth  of  water  (both 
ground  and  surface)  are  impeded  or  altered  by  anthropogenic  activities,  functions  and  values  of 
wetlands  can  change  (Swanson  et  al.  1988).  Functions  and  values  of  wetlands  may  be  impaired 
by  physical  disturbances  to  landscapes  surrounding  wetlands  or  within  the  wetlands  themselves. 
Disturbances  include  fragmentation  (Kantrud  1986),  changes  to  hydrology,  including  large 
fluctuations  in  water  levels  (Euliss  and  Mushet  1996),  and  destruction  or  alteration  of  riparian 
buffer  strips  (Crosbie  and  Chow-Fraser  1999). 

The  nature  and  extent  of  these  physical  or  chemical  parameters  may  be  useful  as 
indicators  of  wetland  health  in  Alberta's  prairie,  parkland  and  boreal  mixedwood  ecozones. 

7.1  Prairie 

Chemical  characteristics  of  wetlands  in  the  prairie  region  of  Alberta  and  the  United  States 
are  better-documented  than  the  chemistry  of  wetlands  in  other  regions  of  the  province.  In 
general,  chemical  characteristics  of  prairie  wetlands  vary  widely  with  disturbance  (type  and 
severity)  and  natural  influences  (hydrogeochemical  influences)  (Swanson  et  al.  1988).  Many 
wetlands  in  the  prairie  region  of  Alberta  are  rich  in  phosphorus  and  can  be  classified  from 
eutrophic  to  hypereutrophic  (Casey  et  al.  1999,  White  and  Bayley  2001,  Prepas  et  al.  2001). 
Factors  contributing  to  nutrient  and  chemical  characteristics  of  prairie  wetlands  include  soils, 
vegetation,  groundwater  flow,  land-use  and  basin  characteristics  (Shay  et  al.  1999). 

In  Alberta,  concentrations  of  total  phosphorus  (TP)  and  total  nitrogen  (TN)  in  wetlands 
peaks  during  spring.  In  agricultural  watersheds  in  western  Canada,  this  coincides  with  the 
majority  of  runoff  from  surrounding  landscapes  (Ontkean  et  al.  2003).  This  suggests  that 
nutrient  concentrations  in  surface  waters  may  give  an  indication  of  agricultural  disturbance. 
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However,  many  prairie  wetlands  in  Alberta,  including  marshes,  may  be  efficient  at  removing 
nutrients  from  inflowing  water  (White  et  al.  2000,  White  and  Bay  ley  2001,  Foote  and  Rice- 
Homung  2005)  and  therefore  landscape  disturbances  that  contribute  nutrients  may  not 
necessarily  be  reflected  in  N  and  P  measurements.  Detenbeck  et  al.  (2003)  found  that  increased 
nutrient  loading  from  the  surrounding  watershed  in  prairie  wetlands  resulted  in  changes  to 
nutrient  concentrations  in  surface  waters.  However  these  concentrations  changed  more 
dramatically  in  response  to  disturbances  to  water  level  and  vegetation.  Furthermore,  nutrient 
retention,  and  therefore  nutrient  concentrations,  may  vary  seasonally  within  wetlands  (White  and 
Bayley  2001). 

Cattle  grazing  and  increased  nutrient  input  did  not  show  identical  results  in  all  wetlands 
or  types  of  wetlands.  Foote  and  Rice-Homung  (2005)  found  that  nutrient  concentrations  (N  and 
P)  did  not  significantly  change  with  increasing  cattle  grazing  pressure,  while  Casey  et  al.  (1999) 
showed  that  total  P,  total  dissolved  N,  and  inorganic  N  (ammonium  and  nitrate)  concentrations  in 
the  water  column  were  elevated  in  ponds  with  mid-  to  heavy  grazing. 

Other  water  chemistry  parameters  such  as  turbidity,  dissolved  oxygen  concentration  and 
temperature  did  not  vary  with  nutrient  addition  in  Manitoba  prairie  marshes  (Hann  and 
Goldsborough  1997).  However,  in  prairie  pothole  wetlands  in  the  USA,  turbidity  was  elevated 
in  wetlands  with  agricultural  basins  compared  to  those  with  partially  tilled  or  untilled  basins 
(Dieter  1991).  In  a  study  of  shallow  ponds  in  prairie  Alberta,  Jackson  (2003)  measured 
significantly  higher  concentrations  of  chlorophyll  in  turbid  compared  to  clear  lakes. 

Physical  changes  to  wetland  water  regimes  may  be  measured  in  wetlands,  including 
surface  area,  water  depth,  and  water  levels.  All  of  these  factors  may  be  affected  by  disturbances 
to  wetlands  or  their  surrounding  areas.  Water  manipulations  can  alter  salinity,  nesting  cover  and 
invertebrate  food  sources  utilized  by  waterfowl  (Swanson  et  al.  1988).  Shallow  water 
ecosystems  respond  in  complicated  ways  to  nutrient  additions  (Moss  et  al.  1996),  possibly  due  to 
a  diverse  community  of  primary  producers  such  as  algae  and  aquatic  macrophytes  competing  for 
the  same  nutrients  (Goldsborough  and  Robinson  1996).  Prairie  wetlands  impacted  by  agriculture 
experience  greater  water  level  fluctuations  compared  to  wetlands  adjacent  to  native  grasslands  in 
the  same  area  (EuHss  and  Mushet  1996).  Such  disturbance  differences  may  be  difficult  to 
document  since  natural  cyclic  water  level  fluctuations  are  dramatic  in  the  prairie  pothole  region 
(van  der  Valk  2005,  McGowan  et  al.  2005). 

Measuring  attributes  of  riparian  buffer  zones  surrounding  wetlands  may  be  useful  in 
assessing  health  of  wetlands  in  prairie  regions.  Maintenance  of  riparian  buffer  strips  alleviates 
sedimentation  from  surrounding  landscape,  including  agricultural  erosion  (Detenbeck  et  al. 
2003).  Riparian  buffers,  when  broad  and  extending  into  the  surrounding  agricultural  landscape, 
provide  nitrogen  retention  capacities  (Jacks  and  Norrstrom  2004,  Klapproth  2000,  Mitsch  and 
Gosselink  2000).  Furthermore,  bird  density  is  positively  related  to  the  amount  of  riparian  buffer 
area  surrounding  wetlands  as  the  birds  depend  on  this  area  for  nesting  sites  and  food  (Fairbaim 
and  Dinsmore  2001).  When  wetland  perimeters  are  <  25%  surrounded  by  woody  vegetation, 
there  is  a  decline  in  waterfowl  species  richness  due  to  habitat  and  nesting  cover  losses  (Naugle  et 
al.  1999). 
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Measurement  of  concentrations  of  chemicals  within  wetlands  would  also  give  an 
indication  of  disturbance  or  contamination.  Insecticide  additions  into  prairie  wetlands  often  result 
in  mortality  of  macroinvertebrates  (Zrum  et  al.  2000).  However,  it  may  be  easier  to  measure 
concentrations  of  insecticides  in  the  water  rather  than  consequences  to  the  biotic  communities. 
Unfortunately,  pesticides  react  in  various  ways  in  the  water  column,  and  while  concentrations  are 
generally  elevated  initially  following  application,  levels  generally  decrease  after  a  few  days 
(Zrum  et  al.  2000).  In  sediments,  concentrations  of  pesticides  and  other  contaminants  such  as 
metals  are  generally  more  persistent  (Helawell  1986,  White  1988). 

In  general,  it  is  difficult  to  pinpoint  single  good  indicators  of  prairie  wetland  health  since 
there  is  so  much  natural  variation  in  hydrology  and  nutrient  status  among  wetlands.  Developing 
indices  is  especially  difficult  because  there  are  limited  numbers  of  comparable  sites  and  a  lack  of 
minimally  disturbed  sites  that  can  be  used  as  references  (Wilcox  et  al.  2002).  That  said, 
hydrologic  or  nutrient  indicators  in  conjunction  with  other  biotic  indicators  may  be  useful.  There 
are  very  few  studies  that  document  the  normal  range  of  variation  in  water  quality  in  seasonal 
wetlands  or  even  semi-permanent  prairie  wetlands  (Kantrud  et  al.  1989)  and  these  wetlands  are 
abundant  in  the  prairie  pothole  region  and  are  generally  more  susceptible  to  disturbances 
(Detenbeck  et  al.  2003). 

7.2      Aspen  Parkland 

Wetlands  in  the  aspen  parkland  region  of  Alberta,  like  those  in  the  prairie  region,  are 
variable  in  physical  and  chemical  characteristics.  This  variation  may  be  natural  or  may  be  in 
response  to  disturbances,  it  is  difficult  to  distinguish  between  the  two.  In  general,  ponds  studied 
in  the  aspen  parkland  are  found  to  be  eutrophic  to  hypereutrophic,  based  on  phosphorus 
concentrations  in  the  water  (Casey  et  al.  1999,  Anderson  et  al.  2002). 

Water  chemistry  parameters  did  not  change  significantly  in  response  to  cattle  grazing, 
although  TP,  ammonium  and  nitrate  concentrations  were  elevated  in  ponds  with  increased 
grazing  (Casey  et  al.  1999).  Furthermore,  it  appears  that  chemical  changes  to  wetlands  in  the 
parkland  region  caused  by  grazing  pressure  did  not  affect  avian  assemblages,  which  are  diverse 
in  most  ponds  (Casey  et  al.  1999).  In  addition,  increasing  phosphorus  concentrations  were  not 
correlated  with  chlorophyll  concentrations  in  the  same  ponds  (Anderson  et  al.  2002).  In  wetlands 
of  the  aspen  parkland  of  British  Columbia,  total  dissolved  nitrogen  and  calcium  in  surface  water 
were  good  indicators  of  wetland  health.  Wetlands  with  higher  TDN  and  Ca  were  associated  with 
increased  waterfowl  use,  whereas  chloride  concentrations  were  negatively  related  (Savard  et  al. 
1994). 

Pesticide  concentrations  in  parkland  wetlands  can  be  measured  directly  and  may  provide 
information  on  the  range  of  impact  to  wetlands.  Pesticide  residues  were  measurable  in  92%  of 
wetlands  investigated  in  a  study  by  Anderson  et  al.  (2002).  Of  all  pesticides  measured, 
glyphosate  was  present  in  the  highest  concentrations  (Anderson  et  al.  2002). 

Measurement  of  riparian  zone  health  surrounding  wetlands  may  also  be  useful  in  the 
aspen  parkland.  This  includes  parameters  like  riparian  coverage  around  the  wetland  perimeter 
and  width  of  the  buffer  zone.  Vegetative  buffers  are  known  to  protect  water  quality  from  runoff 
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loading  of  pesticides  and  other  chemicals  from  agricultural  uplands  (Wauchope  et  al.  1994, 
Anderson  et  al.  2002). 

7.3  Boreal  Dry  Mixedwood 

Studies  of  physical  and  chemical  parameters  of  wetlands  in  Alberta's  boreal  dry  mixed 
wood  ecozone  are  very  rare,  and  studies  that  have  been  performed  focus  on  nutrient  status 
(specifically  P  concentrations)  of  wetlands.  Like  other  wetlands  in  the  province,  water  chemistry 
parameters  tend  to  be  variable.  Shallow  water  wetlands  in  the  southern  boreal  portion  of  the 
province  tend  to  exist  as  either  high  chlorophyll  water  (turbid)  or  low  chlorophyll  water  (clear). 
However,  there  is  a  huge  range  of  natural  variation  in  clear  and  turbid  lakes  in  the  boreal  dry 
mixedwood  region  of  Alberta  (Bayley  and  Prather  2003,  Norlin  et  al.  2005).  Furthermore, 
natural  wetlands  can  switch  from  one  state  to  another  between  years  (Bayley  et  al.  2007)  and 
even  within  the  same  season  (Norlin  et  al.  2005). 

Measurements  of  nutrient  status  of  wetlands  in  the  boreal  dry  mixedwood  region  may  be 
difficult  to  implement  as  an  indicator  of  wetland  health  as  many  of  the  wetlands  are  naturally 
phosphorus  rich  (Bayley  and  Prather  2003,  Macrae  et  al.  2004,  Mitchell  and  Prepas  1990). 
There  were  no  significant  effects  of  forest  harvesting  in  uplands  surrounding  wetlands  with 
respect  to  phosphorus  levels  (Macrae  et  al.  2004).  These  soils  are  naturally  P  rich  and  the  area 
has  low  soil  moisture  and  limited  runoff  (Macrae  et  al.  2004,  Devito  et  al.  2000,  Westbrook 
2000). 

Because  of  the  wide  range  of  natural  variation  in  the  chemistry  of  boreal  dry  mixedwood 
ponds  and  the  lack  of  studies  on  physical  and  chemical  parameters,  biological  indicators  may  be 
more  useful  in  this  area. 

7.4  Other  Regions  in  North  America 

Studies  of  wetlands  in  other  parts  of  North  America  also  show  a  large  range  in  the 
amount  of  nutrients,  particularly  phosphorus,  in  both  the  sediments  and  water  column  (Pan  et  al. 
2000).  Other  water  chemistry  parameters  such  as  chloride  concentrations,  inorganic  nitrogen, 
phosphorus  and  conductivity  were  higher  in  human-impacted  wetlands  (Kashian  and  Burton 
2000).  In  addition,  pond  chemistry  varies  seasonally  (Angelibert  et  al.  2004)  and  therefore 
several  measurements  throughout  the  season  may  have  to  be  taken.  Nutrient  richness  in  Great 
Lakes  coastal  marshes  decreased  with  increasing  forested  area  compared  with  those  wetlands 
surrounded  by  urban  or  agricultural  areas  (Crosbie  and  Chow-Fraser  1999). 

However,  parameters  such  as  soluble  reactive  phosphorus  (SRP)  and  nitrate 
concentrations  in  the  water  column  were  not  correlated  with  surrounding  land  use  (Crosbie  and 
Chow-Fraser  1999).  In  general,  runoff  loading,  and  therefore  disturbance,  to  wetland  systems 
was  adequately  predicted  based  on  dominant  land  use  in  the  watershed  surrounding  marshes 
(RastandLee  1983). 

Chemistry  of  wetland  sediments  as  well  as  water  may  be  useful  for  indicating  wetland 
health  and  response  to  disturbance.  Nutrient  richness  in  the  sediments  increases  with  increasing 
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agricultural  activity  in  the  landscape  (Crosbie  and  Chow-Fraser  1999),  specifically  phosphorus 
concentrations  (Craft  and  Richardson  1993).  Additionally,  other  landscape  attributes  may  be 
useful  wetland  health  indicators.  Landscapes  with  numerous  wetlands  in  close  association  with 
each  other  (and  therefore  minimal  disturbance)  are  often  considered  "healthier"  because  they  are 
associated  with  increasing  vegetative  species  richness,  most  likely  due  to  dispersal  of  propagules 
between  closely  associated  wetlands  (Matthews  et  al.  2005). 

Physical  parameters  such  as  water  depth  and  retention  time  may  affect  wetland  health. 
Increased  water  levels  (above  a  threshold  height)  results  in  decreased  aquatic  macrophytes  cover 
(Klarer  and  Millie  1992).  As  noted  previously  in  the  disturbances  section,  abundant  submersed 
aquatic  macrophytes  are  often  considered  to  be  an  indicator  of  increased  wetland  health  in 
marshes  (Lougheed  and  Chow-Fraser  2002,  Zimmer  et  al.  2003).  Drought  and  especially 
drainage  of  wetland  soils  can  increase  dissolved  organic  carbon  (in  the  run-off)  and  dissolved 
organic  nitrogen  concentrations  and  increase  decomposition  (Quails  and  Richardson  2002).  Re- 
flooding  of  dried  wetland  soils  can  stimulate  microbial  activity  and  often  increases  available  P 
and  N  (Corstanje  and  Reddy  2004).  Increased  N  and  P  released  may  stimulate  algal  growth  and 
suppress  growth  of  submersed  aquatic  macrophytes. 

Measurements  of  physical  properties  of  wetland  sediments  may  be  useful  indicators  of 
wetland  health.  Healthy  wetland  sediments  support  active  and  diverse  biological  populations. 
Clay  or  silt  soils  are  more  likely  to  adsorb  organic  and  trace  metal  contaminants  (Lee  et  al.  1992) 
and  may  be  a  good  indication  of  wetland  health  (these  soils  retain  chemical  compounds)  (Maher 
et  al.  1999).  Furthermore,  suspended  solids  and  sediment  depth  are  directly  related  to  urban  land 
use  surrounding  aquatic  systems  in  some  areas  (Freeman  and  Schorr  2004). 

Riparian  buffer  strips  have  been  shown  to  be  useful  as  an  indicator  of  wetland  health  as 
their  presence  often  indicates  a  healthier  wetland  (Mensing  et  al.  1998).  Riparian  areas,  located 
immediately  adjacent  to  aquatic  systems,  are  generally  distinguished  from  uplands  by  increased 
soil  moisture  and  unique  vegetation  (Klapproth  2000).  Riparian  buffer  strips  can  trap 
agricultural  and/or  urban  contaminated  runoff,  sediment  (Crosbie  and  Chow-Fraser  1999),  and 
excess  nutrients  (Klapproth  2000).  In  the  United  States,  forested  riparian  areas  have  been  found 
to  trap  up  to  90%  of  eroded,  agriculturally  derived  sediments  (Cooper  et  al.  1990).  Riparian 
vegetation  that  is  herbaceous  may  provide  greater  removal  of  sediments  than  woody  riparian 
vegetation,  but  woody  vegetation  is  generally  more  resistant  to  flooding.  It  is  generally  accepted 
that  loss  or  destruction  of  riparian  areas  leads  to  decreased  water  quality  in  adjacent  aquatic 
systems  (US  EPA  2002f).  Therefore  presence  or  absence  of  a  riparian  buffer  as  well  as  the 
relative  width  of  the  riparian  buffer  zone  may  be  useful  indicators  of  wetland  health. 
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8.0  BIOLOGICAL  PARAMETERS  AND  INDICATORS  IN  WETLANDS 
OF  ALBERTA'S  PRAIRIE,  ASPEN  PARKLAND  AND  BOREAL 
DRY  MIXEDWOOD  ECOZONES 

Biological  indicators  are  often  used  to  assess  the  health  of  aquatic  ecosystems,  including 
wetland  ecosystems  (US  EPA  2002d).  Wetlands  are  naturally  variable  geographically, 
hydrologically  and  physically,  however  changes  and  disturbances  to  wetland  health,  functions, 
and  values  are  often  reflected  in  some  aspect  of  the  biotic  community  (US  EPA  2002d).  Useful 
biological  indicators  of  wetland  health  are  those  that  respond  predictably  to  anthropogenic 
disturbances  in  wetlands  (Karr  and  Chu  1999).  Commonly  used  biotic  indicators  include 
specific  attributes  of  algal,  macroinvertebrate,  vegetation,  amphibian,  fish,  and  bird  communities. 
Attributes  of  these  communities  include  species  richness,  community  composition,  tolerant  and 
intolerant  species,  and  health  of  individuals  (US  EPA  2002d).  In  Alberta,  few  studies  have 
documented  biological  conditions  of  wetlands  over  the  natural  range  of  disturbance  and  over  the 
wide  range  of  anthropogenic  disturbances.  Studies  in  other  North  American  wetlands  may  help 
us  find  biological  indicators  of  wetland  health  that  may  be  useful  for  assessment  in  Alberta 
wetlands. 

8.1  Prairie 

Wetlands  in  the  prairie  pothole  region  of  North  America  are  more  extensively  studied 
(especially  those  in  the  United  States)  than  other  wetland  complexes  of  the  continent.  As  a 
result,  information  on  biotic  communities  in  prairie  wetlands  is  available  and  may  be  useful  as 
indicators  of  overall  wetland  health.  These  indicators  include  attributes  of  invertebrate, 
macrophyte,  avian  and  fish  communities. 

8.1.1    Invertebrates  as  Indicators  in  Prairie  Wetlands 

Invertebrates,  especially  macroinvertebrates,  are  commonly  sampled  in  prairie  wetlands 
(US  EPA  2002b).  In  general,  invertebrate  communities  in  the  prairie  region  vary  between  years 
(Zimmer  et  al.  2000)  and  seasonally,  both  among  and  within  wetlands  in  the  same  region 
(Murkin  et  al.  1992,  Tangen  et  al.  2003).  Changes  in  invertebrate  communities  in  prairie 
wetlands  may  be  the  result  of  natural  or  anthropogenic  disturbances.  However,  invertebrate 
communities  respond  most  commonly  to  changes  in  wetland  hydrology,  water  retention,  water 
salinity  and  changes  to  the  surrounding  land  uses  (Zimmer  et  al.  2000).  Natural  wet  and  dry 
cycles  in  prairie  wetlands  may  affect  invertebrate  community  structure  and  abundance  (Whiles 
and  Goldowitz  2005).  In  relatively  pristine  prairie  pothole  wetlands  of  the  USA, 
macroinvertebrate  richness  increased  with  increasing  wet  periods  and  greater  water  level 
fluctuations  (Batzer  et  al.  2004).  Further,  under  natural  drought  stresses,  egg  banks  in  the  soil 
generally  maintain  invertebrate  populations  (Euliss  and  Mushet  1999).  Many  prairie  wetlands  do 
not  support  fish  populations,  or  will  alternate  from  fish  to  fishless  naturally  on  an  annual  basis 
(Euliss  and  Mushet.  1999,  Zimmer  et  al.  2001).  Several  studies  have  shown  that 
macroinvertebrate  biomass  is  higher  in  fishless  prairie  wetlands  (Zimmer  et  al.  2000,  Zimmer  et 
al.  2001,  Tangen  et  al.  2003). 
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Studies  of  invertebrates  as  biological  indicators  in  prairie  wetlands  are  generally  taxon- 
based,  i.e.,  they  involve  measuring  the  biomass  of  certain  taxa  over  a  range  of  disturbances  or 
experimental  treatments  (US  EPA  2002b,  Zimmer  et  al.  2001).  Intensive  agriculture  practices 
surrounding  wetlands  can  have  differential  effects  on  invertebrate  communities.  Soil 
invertebrate  egg  banks'  species  diversity  and  abundance  is  decreased  in  areas  with  intensive 
agriculture  (Gleason  et  al.  2003).  Taxon  richness  of  zooplankton  communities  in  prairie 
wetlands  was  significantly  lower  in  agricultural  sites  than  in  non-disturbed  reference  sites 
(Dodson  and  Lillie  2001).  Odonates  (dragonflies  and  damselflies)  may  be  useful  as  indicators  of 
disturbance  in  prairie  wetlands  as  abundance  decreased  in  response  to  cattle  grazing  (Foote  and 
Rice-Homung  2005). 

However,  other  studies  did  not  always  show  a  clear  relationship  between  invertebrate 
community  structure  and  disturbance.  Tangen  et  al.  (2003)  did  not  find  a  strong  relationship 
between  increasing  agricultural  land  use  in  prairie  wetland  catchments  and  the  invertebrate 
community.  Casey  et  al.  (1999)  found  that  cattle  grazing  intensity  did  not  affect 
macroinvertebrate  species  richness.  However,  nutrient  enrichment  in  other  prairie  marshes 
resulted  in  an  increased  abundance  of  macroinvertebrates  but  community  structure  was  not 
affected  (Zrum  et  al.  2000,  Hann  et  al.  2001). 

Variable  differences  in  invertebrate  response  to  disturbance  may  be  due  to  high  natural 
disturbances  and  resilient  invertebrate  taxa  in  prairie  pothole  wetlands  (Tangen  et  al.  2003)  that 
recover  quickly  from  disturbances  (Mayer  et  al.  2004).  For  example,  after  pesticide  applications 
to  prairie  wetlands,  invertebrate  abundance  declined  (Zrum  and  Hann  2002).  However  effects 
may  be  short  term  and  differ  between  the  open  water  and  benthic  invertebrate  communities 
(Melaas  et  al.  2001). 

8.1.2    Emergent  and  Submersed  Aquatic  Macrophytes  as  Indicators  in  Prairie  Wetlands 

Evaluation  of  wetland  vegetation  communities  may  involve  using  a  floristic  quality  index 
(FQI)  which  is  based  on  the  tendency  of  plant  species  to  occur  in  a  range  of  conditions  from 
pristine  to  disturbed,  and  may  be  useful  in  prairie  wetlands  to  assess  wetland  health  (Mushet  et 
al.  2002).  Unfortunately,  vegetation  community  composition  will  also  vary  naturally  between 
wetland  types  and  zones  within  wetland  and  geographic  locations.  Macrophyte  biomass,  one  of 
the  simplest  parameters  to  measure,  fluctuates  widely  within  and  among  wetlands  both 
seasonally  and  annually  (Lillie  and  Evrard  1994). 

In  general,  wetland  macrophyte  communities  in  the  prairie  potholes  are  influenced  by 
disturbance  (Zimmer  et  al.  2003)  and  can  therefore  be  good  candidates  as  indicators. 
Macrophytes  tend  to  exhibit  lingering  effects  following  disturbance  (Galatowitsch  and  van  der 
Valk  1996)  allowing  for  a  longer  sampling  window  following  a  disturbance. 

In  prairie  marshes,  landscape  disturbances  such  as  agriculture  and  urban  development 
coincided  with  reduction  in  native  grass  species  and  abundance,  and  higher  proportions  of 
introduced  species  (Galatowitsch  et  al.  1998). 
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Sediment  loading  into  prairie  wetlands  occurs  from  topsoil  erosion  from  surrounding 
agricultural  areas  (Gleason  and  Euliss  1998)  and  resulted  in  decreased  seedling  emergence  of 
macrophytes  (Gleason  et  al.  2003).  Further,  submersed  macrophyte  abundance  decreases  with 
increasing  turbidity  in  prairie  pothole  wetlands  (Zimmer  et  al.  2003).  Prairie  wetlands  with  no 
cattle  grazing  pressure  had  higher  amounts  of  terrestrial  and  emergent  vegetation  (Casey  et  al. 
1999). 

It  is  claimed  that  wetlands  with  clear  water  and  abundant  submersed  aquatic  vegetation 
(SAV)  and  emergent  macrophytes  are  generally  "healthier"  than  turbid,  algal  dominated 
wetlands  (Lougheed  and  Chow-Fraser  2002).  And  in  fact,  there  are  hundreds  of  restoration 
efforts  underway  in  the  prairie  region  of  the  USA  to  restore  submersed  macrophytes  to  shallow 
open  water  lakes  (Gleason  et  al.  2004).  Growth  of  SAV  is  inhibited  by  additions  of  herbicide 
from  agricultural  runoff  in  prairie  wetlands  and  above-ground  productivity  in  prairie  fens 
increases  with  phosphorus  addition  (Chapin  et  al.  2004).  Dense  stands  of  SAV  can  provide 
structure  for  invertebrates  (Murkin  et  al.  1992)  and  food  for  waterfowl.  Monotypic  stands  of  tall 
hydrophytes  such  as  cattails  {Typha  spp.)  can  result  in  hypoxic  conditions  (Murkin  et  al.  1992) 
which  may  affect  invertebrate  abundance  and  decrease  use  of  the  wetlands  by  waterfowl 
(Kantrud  1986).  In  general,  Typha  species  are  tolerant  of  a  wide-range  of  conditions  and  are 
usually  found  in  nutrient  rich  (Davis  and  van  der  Valk  1978,  Craft  and  Richardson  1997),  saline 
(Panno  et  al.  1999)  or  degraded  sites  (Lougheed  et  al.  2001). 

Use  of  algae  as  bioindicators  may  also  be  useful  (US  EPA  2002e),  however  few  studies 
were  found  on  algal  characteristics  of  prairie  wetlands  in  Alberta.  In  general,  nutrient  additions 
to  marshes  significantly  increase  biomass  of  phytoplankton  in  the  water  column  in  prairie 
wetlands  (Sandilands  et  al.  2000,  Hann  and  Goldsborough  1997,  Murkin  et  al.  1991).  Studies  in 
the  Delta  Marsh  of  prairie  Manitoba  indicate  that  epiphyton  and  metaphyton  biomass  increased 
significantly  with  nutrient  additions  (McDougal  et  al.  1997).  Green  algae  proliferated  following 
additions  of  inorganic  nitrogen  and  phosphorus  to  prairie  marshes  (Hann  and  Goldsborough 
1997).  Natural  water  level  changes  influenced  algal  productivity  in  prairie  wetlands  as  flooding 
of  dried  wetland  soil  and  plant  litter  releases  nutrients  (Murkin  et  al.  1989,  Goldsborough  and 
Hann  1995). 

8.1.3     Waterfowl  as  Indicators  in  Prairie  Wetlands 

Waterfowl  communities  and  abundance  may  be  useful  as  an  indicator  of  prairie  wetland 
health,  especially  since  waterfowl  productivity  and  use  are  one  of  the  most  important  functions 
of  wetlands  in  this  area.  Wetland  birds  are  considered  as  indicator  of  wetland  health  and 
productivity.  They  can  be  useful  because  measurements  do  not  require  detailed  taxonomy  but 
abundance  assessments  are  expensive  (US  EPA  2002a).  In  addition,  wetland  birds  are  sensitive 
to  a  variety  of  changes  to  wetland  health  although  cause  and  effect  can  not  easily  be  linked  (US 
EPA  2002a). 

Temporarily  flooded  prairie  grasslands  can  be  important  avian  feeding  areas  and  support 
large  populations  of  waterfowl  (Paillisson  and  Marion  2002).  There  is  a  significant  relationship 
between  wetland  area  loss  to  agriculture  and  the  population  declines  of  dabbling  ducks  {Anas 
spp.)  such  as  mallards  and  northern  pintails  (Bethke  and  Nudds  1995).  Since  the  1970's 
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populations  of  dabbling  ducks  in  the  Canadian  prairie-parkland  region  have  declined  (Caithamer 
et  al.  1992),  most  likely  in  direct  relation  to  habitat  loss  to  agriculture,  urbanization  (Nudds  and 
Cark  1993),  and  natural  loss  to  drought  (Johnson  and  Shaffer  1987).  Greater  breeding  activity  of 
waterfowl  was  measured  in  wetlands  with  minimal  amounts  of  cattle  grazing  (Casey  et  al.  1999). 
Further  dabbling  duck  breeding  pair  densities  corresponded  to  increased  macrophyte  biomass  but 
not  to  macroinvertebrate  density  (Lillie  and  Evrard  1994).  Natural  changes  to  prairie  wetlands 
and  annual  breeding  population  fluctuations  should  be  considered  when  estimating  breeding 
success  of  waterfowl  (Lillie  and  Evrard  1994).  Droughts  can  lead  to  decreased  numbers  of 
breeding  ducks  in  the  prairie  pothole  region  (Wilkins  et  al.  2002,  Bethke  and  Nudds  1995)  and 
during  drought  years  breeding  waterfowl  may  use  wetlands  in  the  aspen  parkland  and  boreal 
forest  rather  than  the  prairie  region  (Johnson  and  Grier  1988,  Hestbeck  1995).  Deficits  of  duck 
abundance  in  Canadian  prairie  wetlands  appear  to  be  greatest  in  Alberta  (as  compared  to 
Saskatchewan  and  Manitoba),  presumably  due  to  greater  agricultural  expansion  in  Alberta 
(Bethke  and  Nudds  1995).  Therefore,  aerial  and  ground  surveys  of  duck  abundance  may  be 
useful  indicators  of  wetland  health  and  disturbance  in  the  prairie  region,  although  they  are  highly 
variable  on  an  individual  lake  or  wetland. 

Landscape  characteristics  may  influence  bird  species  abundance  and  diversity 
(Koopowitz  et  al.  1994,  Vos  and  Stumpel  1996).  The  most  consistent  indicators  of  waterfowl 
abundance  in  prairie  wetlands  are  percent  of  cropland  and  grassland;  more  ducks  were  present  on 
grassland-dominated  areas  than  cropland-dominated  areas  (Austin  et  al.  2001).  Furthermore, 
total  and  mean  avian  species  richness  was  positively  correlated  with  area  of  upland  buffers 
(Stapanian  et  al.  2004).  There  is  a  positive  relationship  between  breeding  duck  numbers  and 
pond  densities  in  the  prairie  region  (Batt  et  al.  1989)  and  between  water  conditions  and  duck 
numbers  (Austin  2002).  The  percentage  of  wetland  area  covered  with  emergent  vegetation  is  also 
a  significant  predictor  of  bird  species  richness  (Fairbaim  and  Dinsmore  2001).  However,  bird  use 
of  wetlands  may  be  variable  depending  on  vegetative  cover  and  structure  and  vegetative 
community  composition  (VanRees-Siewart  and  Dinsmore  1996).  Therefore  it  may  be  useful  to 
measure  bird  abundances  in  addition  to  vegetation  characteristics  of  wetlands. 

8.1.4    Fish  and  Amphibian  Communities  as  Indicators  in  Prairie  Wetlands 

Fish  communities  in  prairie  wetlands  may  not  be  good  biological  indicators  of 
disturbance,  even  though  variability  in  fish  populations  may  reflect  anthropogenic  activities 
(Hanson  et  al.  2005).  Fish  populations  in  the  prairies  are  naturally  variable  and  individual  water 
bodies  often  alternate  between  fish  and  fishless  (Zimmer  et  al.  2001)  and  very  few  pothole 
wetlands  support  permanent  fish  populafions  (Euliss  et  al.  1999).  Wet-dry  cycles  also  result  in 
high  variability  of  amphibian  communities  (Semlitsch  et  al.  1995).  Hence  they  may  not  be  very 
useful  as  biological  indicators  of  anthropogenic  disturbances. 

8.2      Aspen  Parkland 

Few  studies  have  been  performed  on  biological  communities  in  wetlands  in  the  Aspen 
Parkland  of  Alberta.  Those  that  have  been  conducted  generally  focus  on  avian, 
macroinvertebrate,  and  amphibian  communities,  with  less  information  on  vegetation 
communities. 
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Benthic  macroinvertebrates  may  be  useful  for  assessing  disturbance  in  aquatic  systems 
(Casey  1995).  Benthic  rnacroinvertebrates  include  organisms  that  live  at  least  part  of  their  life 
cycle  in  the  bottom  substrate  of  aquatic  ecosystems  and  include  a  large  number  of  taxonomic 
groups  that  overall  show  a  wide  range  of  responses  to  water  and  sediment  quality  changes.  In 
general,  lower  diversity  of  benthic  macroinvertebrates  indicates  disturbance  to  the  system  (Casey 
1995).  Furthermore,  pesticides,  one  of  the  major  contaminants  to  wetlands  in  the  aspen  parkland 
of  Alberta  (Anderson  et  al.  2002),  may  remain  persistent  in  aquatic  benthos  (Helawell  1986, 
White  1988)  whereas  they  are  only  temporarily  elevated  in  the  water  column  (Zrum  et  al.  2000). 
Thus,  effects  of  pesticide  contamination  may  be  more  easily  measured  in  aquatic  benthic 
communities. 

Studies  of  vegetation  communities  in  aspen  parkland  wetlands  are  rare.  However  it  was 
shown  that  submersed  macrophytes  productivity  was  increased  but  had  a  lower  diversity  in 
wetlands  that  received  thermal  effluent.  Furthermore,  thermal  effluent  to  the  wetland  resulted  in 
phytoplankton  blooms  (Taylor  and  Helwig  1995).  In  a  separate  study,  parkland  ponds  with 
minimal  disturbance  from  cattle  grazing  pressure  had  higher  amounts  of  terrestrial  and  emergent 
vegetation  (Casey  et  al.  1999). 

There  is  a  significant  relationship  between  wetland  area  loss  to  agriculture  and  the 
population  declines  of  Mallards  and  Northern  Pintails  in  the  aspen  parkland  (and  prairie)  regions 
of  the  province  (Bethke  and  Nudds  1995).  Since  the  1970's  populations  of  dabbling  ducks  in  the 
Canadian  prairie-parkland  region  have  declined  (Caithamer  et  al.  1992),  presumably  in  direct 
relation  to  anthropogenic  habitat  loss  to  agriculture,  urbanization  (Nudds  and  Clark  1993),  and 
drought  (Johnson  and  Shaffer  1987).  Furthermore,  disturbance  from  cattle  grazing  decreased 
waterfowl  breeding  activity  in  parkland  wetlands  in  Alberta  (Casey  et  al.  1999).  In  the  aspen 
parkland  of  British  Columbia,  abundance  of  dabbling  ducks  were  positively  associated  with 
turbidity  and  dissolved  nitrogen  in  the  water  column  and  negatively  associated  with  amount  of 
forested  shoreline  (Savard  et  al.  1994). 

Use  of  amphibians  as  biological  indicators  of  wetland  health  in  Aspen  Parkland  wetlands 
may  not  be  useful  since  serious  declines  in  amphibian  populations  have  been  reported  in  the 
central  regions  of  the  province  (Turner  et  al.  1987,  Hamilton  et  al.  1998).  Further  many 
amphibian  species  are  not  present  at  all  in  several  surveyed  Alberta  wetlands  (Takats  and 
Priestley  2002).  Furthermore,  deformity  levels  are  commonly  measured  in  several  North 
American  anuran  species  as  a  measure  of  disturbance,  however  in  Alberta,  wood  frogs  (Rana 
sylvaticd)  deformity  levels  are  low  (Eaton  et  al.  2004).  Amphibian  abundance  is  unaffected  by 
disturbances  to  harvesting  of  forest  buffer  strips  surrounding  Alberta  wetlands  (Hannon  et  al. 
2002). 

8.3      Boreal  Dry  Mixedwood 

In  general,  there  are  very  few  studies  of  wetlands  in  the  boreal  dry  mixed  wood  of 
Alberta  that  provide  sufficient  analysis  of  ecological  parameters  to  evaluate  useful  biological 
indicators  for  these  sites. 
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Large-sized  zooplankton  communities  were  dominant  in  lakes  with  high  SAV  and  clear 
water  (Norlin  et  al.  2005).  Clear,  macrophyte-dominated  sites  are  generally  thought  to  be 
healthier  than  turbid  sites  (Lougheed  and  Chow-Fraser  2002).  Such  generalization  may  not 
necessarily  be  true  in  the  boreal  regions  of  Alberta  where  turbid/clear  differences  in  trophic  state 
vary  naturally  (Bayley  and  Prather  2003  and  Bayley  et  al.  2007). 

Studies  are  currently  underway  to  assess  the  effect  of  agriculture  in  dry  boreal 
mixedwood  wetlands.  Nutrient  addition  increased  phytoplankton  biomass  in  boreal  plain  lakes  of 
Alberta  (Grant  and  Tonn  2002)  and  increased  forestry  and  agricultural  activities  in  the  area  are 
expected  to  result  in  increased  nutrient  inputs  (Prepas  et  al.  2001).  However,  it  may  be  difficult 
to  distinguish  between  naturally  eutrophic  wetlands  and  anthropogenically  eutrophic  wetlands  as 
ponds  in  Alberta's  boreal  plain  tend  to  be  naturally  phosphorus  and  plankton-rich  (Bayley  and 
Prather  2003,  Bayley  et  al.  2007,  Mitchell  and  Prepas  1990,  Norlin  et  al.  2005,  Prepas  et  al. 

2001)  . 

Analysis  of  macroinvertebrate  communities  is  rare  in  the  southern  boreal  region  of  the 
province.  It  has  been  reported  that  macroinvertebrate  biomass  increased  following  disturbances 
by  forest  fires.  However  more  detailed  taxonomic  studies  including  the  relative  abundance  of 
chironomid  species  did  not  show  any  differences  between  burned  and  unbumed  reference  sites 
(Casey  1995). 

The  western  boreal  forest  is  a  key  habitat  for  aquatic  birds  in  North  America  (Morrison 

2002)  and  supports  an  estimated  13  million  breeding  ducks  annually  (Paszkowski  et  al.  2004). 
Estimates  of  duck  populations  may  be  useful  indicators  of  wetland  health.  Decreases  in  duck 
abundance  are  more  likely  in  response  to  anthropogenic  disturbances  compared  to  natural 
disturbances  as  boreal  systems  are  not  as  impacted  by  drought  compared  to  prairie  and  parkland 
regions.  However  drought  in  the  south  may  increase  bird  abundance  in  the  boreal  mixed  wood 
region  (Bethke  and  Nudds  1995). 

Bird  abundance  tends  to  follow  similar  patterns  to  fish  abundance  in  boreal  plain  lakes  in 
Alberta  (Paszkowski  and  Tonn  2000);  although  generally  more  birds  are  found  in  Ashless  lakes 
than  in  lakes  with  large  bodied  fish  (Epners,  2007).  In  general,  studies  on  aquatic  bird 
communities  in  Alberta  are  poorly  documented  (Paszkowski  and  Tonn  2000)  and  may  not 
necessarily  follow  patterns  seen  in  other  regions  (Gingras  and  Paszkowski  1999). 

Vegetation  characteristics  can  be  affected  by  agriculture  and  grazing  as  well  as  by  natural 
fluctuations  in  water  availability.  In  bog  and  fen  wetlands,  vegetation  may  not  be  a  useful 
indicator  since  patterns  and  zonation  of  peatland  vegetation  are  regulated  by  water  availability 
(Whitehouse  and  Bayley  2005)  as  well  as  environmental  conditions,  (Bowles  et  al.  2005) 
including  water  chemistry  parameters  (pH,  conductivity,  and  nutrient  concentrations)  (Bridgham 
et  al.  1996).  Many  peatland  lakes  are  isolated  or  buffered  from  agriculture  and  no  data  are 
available  for  Alberta. 

Marsh  wetland  lakes  show  clear  visual  differences  when  grazed,  although  the  studies  are 
on-going.  Previous  grazing  studies  showed  that  cattle  decrease  vegetative  biomass  (Casey  et  al. 
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1999).  Therefore,  care  must  be  taken  when  using  vegetative  indicators  to  distinguish  between 
natural  and  anthropogenic  conditions. 

The  presence  or  absence  of  fish  may  not  be  a  useful  indicator  of  wetland  heahh.  In 
boreal  wetlands,  presence  of  fish  may  result  in  a  lower  density  of  breeding  waterfowl  (Adamus  et 
al.  2001).  However  many  shallow  wetlands  in  Alberta's  western  boreal  forest  are  naturally 
Ashless  (Conlon  2002)  due  to  frequent  winterkills  in  the  shallow,  hypoxic  wetlands  of  the 
landscape  (Danylchuk  and  Tonn  2003).  Currently  in  the  southern  boreal  part  of  Alberta,  it 
appears  that  landscape  disturbances  such  as  forest  harvesting  and  fires  have  minimal  effects  on 
fish  assemblages  (Tonn  et  al.  2003). 

8.4      Studies  Based  in  Other  Regions  of  North  America  and  Potential  Biological 
Indicators  of  Wetland  Health  in  Alberta 

Extensive  studies  on  wetlands  in  other  regions  of  North  America  may  reveal  useful 
biological  indicators  of  wetland  health  for  Alberta's  prairie,  parkland  and  boreal  dry  mixedwood 
regions.  These  potential  indicators  include  characteristics  of  algae,  invertebrates,  macrophytic 
vegetation  and  amphibian  communities. 

8.4.1  Algae 

Algae  have  been  recommended  as  bioindicators  in  aquatic  systems  (McCormick  and 
Stevenson  1998,  Stevenson  et  al.  2001,  Lowe  and  Pan  1996).  Sediment  re-suspension  increases 
algal  productivity  (Schallenberg  and  Bums  2004).  Diversity  and  species  richness  of  algae 
communities  decrease  as  a  result  of  increasing  salinity  (Floder  and  Bums  2004).  Algal 
communities  respond  predictably  to  nutrient  enrichment  with  increasing  cyanobacteria 
corresponding  to  increasing  phosphoms  (Pan  et  al.  2000).  Nutrient  enrichment  generally  results 
in  increased  algal  biomass  in  the  water  column  (Best  et  al.  1984,  Ozimek  et  al.  1991,  McNair  and 
Chow-Fraser  2003,  Rejmankova  and  Komarkova  2005).  Algal  biomass  and  diversity  are  also 
positively  correlated  with  nutrient  (N  and  P)  concentrations  in  sediments  (Zheng  et  al.  2004). 
McNair  and  Chow-Fraser  (2003)  recommend  use  of  benthic  and  planktonic  algal  biomass  as  an 
indicator  of  wetland  water  quality  degradation  because  biomass  is  strongly  positively  correlated 
with  water  TP  and  turbidity  as  well  as  N  (Rejmankova  and  Komarkova  2005). 

Algal  species  composition  is  more  sensitive  to  phosphoms  loading  than  algal  biomass  in 
wetlands  (Pan  et  al.  2000)  and  lakes  (Schindler  1987).  Species-level  indicators  are  problematic 
because  they  require  taxonomic  skills  (Johnson  1998).  Algal  samples  are  very  easy  to  collect, 
but  biomass  and  community  composition  varies  among  wetlands  (Chow-Fraser  1999,  Mayer  and 
Galatowitsch  1999)  and  seasons  (Zheng  et  al.  2004).  Where  algal  biomass  is  a  useful  indicator, 
chlorophyll  concentrations  are  often  used  as  a  surrogate  of  algal  biomass.  However,  this 
approach  may  be  problematic  because  chlorophyll  concentrations  are  variable  in  lakes  and  may 
not  necessarily  be  a  good  representation  of  algal  biomass  (LaBaugh  1995). 
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8.4.2  Invertebrates 


Aquatic  invertebrates,  especially  macroinvertebrates  are  frequently  used  as  bioindicators 
of  water  quality  (Rosenberg  and  Resh  1993,  Karr  and  Chu  1997,  Burton  et  al.  1999,  King  et  al. 
2000,  Rader  et  al.  2001).  Smaller  aquatic  invertebrates  or  zooplankton  are  less  commonly  used 
as  indicators  in  wetlands.  Zooplankton  species  composition  and  abundance  is  highly  variable 
both  within  and  among  wetlands  and  varies  seasonally.  Lougheed  and  Chow-Fraser  (1998) 
developed  a  good  metric  of  wetland  health  for  the  Great  Lakes  wetlands  using  zooplankton. 
Because  those  sites  were  connected  to  the  Great  Lakes  they  contained  fish  and  more  stable  water 
levels.  Hence  the  zooplankton  responses  were  primarily  related  to  nutrients  and  contaminants 
from  runoff.  Without  Alberta,  or  at  least  prairie-specific  data,  one  cannot  be  sure  if  zooplankton 
indices  would  be  useful. 

Benthic  macroinvertebrates  are  good  indicators  because  of  their  close  association  with 
sediments  and  the  water  column  (Pettigrove  and  Hoffmann  2005).  One  of  the  most  commonly 
used  biological  indicators  of  aquatic  health  are  benthic  Chironomidae  (or  midge  larvae) 
communities.  Different  chironomid  species  respond  differently  to  sediment  pollution  (Pettigrove 
and  Hoffmann  2005)  and  in  general,  chironomids  are  tolerant  of  disturbance  and  are  found  in 
degraded  sites  whereas  they  are  less  abundant  in  "healthier"  oligotrophic  sites  (Hart  and  Lovvom 
2005).  Whether  they  would  be  useful  in  Alberta's  naturally  eutrophic  wetlands  is  unknown. 

In  general,  chironomid  abundance  in  wetlands  increases  with  increasing  nutrients 
(Steinman  et  al.  2003).  In  Lake  Huron  wetlands,  human  impacted  sites  had  fewer  insect  species 
and  increased  chironomid  abundance  and  biomass  (Kashian  and  Burton  2000).  Furthermore, 
chironomid  abundance  and  biomass  as  well  as  leech  biomass  was  higher  in  devegetated 
(degraded)  plots  (Flinn  et  al.  2005).  In  Minnesota,  wetland  impairment  resulted  in  the  increase 
in  abundance  of  chironomids,  with  very  few  intolerant  taxa  being  observed  at  the  most  impaired 
sites  (Adamus  et  al.  2001). 

Other  authors  also  find  that  Chironomidae  can  be  used  as  indicators  of  wetland 
disturbance  (Plafkin  et  al.  1989,  Karr  1993).  King  and  Richardson  (2002)  found  that  using 
chironomids  as  indicators  was  best  if  identified  to  species  level.  Other  studies  indicated  that 
identification  to  family  and  using  general  abundance  is  useful  (Steinman  et  al.  2003).  Again,  it  is 
unknown  if  these  studies  are  applicable  to  the  different  wetland  systems  that  occur  in  Alberta. 

Species  richness  and  diversity  of  other  aquatic  invertebrate  communities  may  be  useful  as 
indicators  of  wetland  health.  Richness  and  diversity  of  invertebrates  may  decrease  (Steinman  et 
al.  2003)  or  be  unaffected  (McCormick  and  Stevenson  1998)  by  increasing  phosphorus  and 
nutrient  concentrations  in  southern  marsh  wetlands.  Other  studies  found  that  macroinvertebrate 
communities  could  be  a  valuable  tool  to  assess  the  ecological  status  of  wetlands  as  invertebrate 
taxa  richness  declines  in  response  to  increasing  levels  of  degradation  (Barbour  et  al.  1997). 
Macroinvertebrate  communities  may  be  impacted  by  land  use  in  the  watershed  (Freeman  and 
Schorr  2004)  and  richness  decreases  in  wetlands  surrounded  by  agriculture  (Hall  et  al.  2004). 

Lower  biomass  and  abundance  of  zooplankton  in  coastal  Great  Lakes  marshes  (Lougheed 
and  Chow-Fraser  1998)  and  lower  diversity  of  macroinvertebrates  (Spieles  and  Mitsch  2000) 
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was  measured  in  turbid  and  eutrophic  open  water  riverine  wetlands.  Within  wetlands,  higher 
diversity  of  macroinvertebrates  was  measured  in  areas  with  increased  vegetative  cover  (De 
Szalay  and  Resh  2000).  Emergent  wetland  areas  contained  higher  macroinvertebrate  richness 
and  diversity  than  open  water  wetlands  (Balcombe  et  al.  2005)  because  of  increased  food 
resources  and  structure  (Carpenter  and  Lodge  1986).  However  too  much  emergent  vegetation 
may  decrease  dissolved  oxygen  levels  and  result  in  lower  invertebrate  biomass  (Balcombe  et  al. 
2005). 

In  general,  invertebrate  communities,  especially  macroinvertebrates,  may  be  useful 
indicators  of  wetland  health.  Invertebrate  communities  vary  within  the  wetland  and  seasonally 
(MacKenzie  et  al.  2004)  and  are  often  affected  by  natural  fluctuations  in  wetland  hydrology, 
including  duration  and  frequency  of  flooding  (de  Szalay  et  al.  1999). 

8.4.3  Vegetation 

Use  of  vegetation  as  indicators  of  wetland  health  is  becoming  common  in  several  areas  of 
the  United  States  (US  EPA  2002f).  Turbid,  nutrient  rich  wetlands  are  generally  characterized  by 
emergent  vegetation  whereas  other  wetlands  are  generally  clear  with  lower  nutrient  levels  and 
dense  SAV  communities  (Lougheed  et  al.  2001).  Increase  in  eutrophication  and/or  algal  biomass 
results  in  decreased  SAV  biomass  and  cover  (Best  et  al.  1984,  Ozimek  et  al.l991,  McNair  and 
Chow-Fraser  2003). 

Typha  species  (cattails)  grow  in  a  wide  range  of  conditions  (Lougheed  et  al.  2001). 
Cattail  monocultures  are  common  in  sites  with  high  phosphorus  levels  (McCormick  and 
Stevenson  1998,  Rutchey  and  Vilchek  1999)  and  growth  of  cattails  is  positively  correlated  with 
soil  and  water  TP  (Craft  and  Richardson  1997).  Migratory  bird  use  of  wetlands  decreases  in 
cattail-dominated  wetlands,  as  does  macroinvertebrate  density  (Kostecke  et  al.  2005). 

Floristic  quality  indices  (plants  most  likely  to  be  found  in  'pristine'  wetlands  are  assigned 
higher  numbers  than  those  that  occur  in  disturbed  areas)  may  also  be  useful  in  indicating  wetland 
health  (Matthews  et  al.  2005).  Floristic  quality  was  negatively  correlated  with  disturbance  of  a 
wetland  and  with  distance  to  neighbouring  wetland  sites  (Lopez  and  Fennessy  2002).  In 
addition,  floristic  quality  decreased  for  wetlands  surrounded  by  agricultural  or  urban  land  use 
(Lopez  and  Fennessy  2002). 

In  Minnesota,  increasing  levels  of  disturbance  resulted  in  fewer  intolerant  (more 
sensitive)  plant  species  such  as  iris  {Iris  spp.)  and  common  bladderwort  {Utricularia  vulgaris) 
and  increased  coverage  of  tolerant  species,  such  as  duckweed  (Lemna  spp.)  and  cattails  (Typha 
spp.)  (Adamus  et  al.  2001).  In  Alberta  many  (but  not  all)  natural  wetlands  contain  cattails  and 
Lemna  spp.(Bayley,  unpublished  data),  but  also  a  wide  range  of  other  less  common  emergent  and 
submerged  vegetation.  Macrophytes  may  be  the  most  promising  parameter  for  Alberta  wetlands 
because  plants  are  the  base  of  the  food  chain,  respond  dramatically  to  disturbance  (Brown  and 
Batzen  2001)  and  strongly  influence  higher  trophic  levels  (Hunter  and  Price  1992). 
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8.4.4  Amphibians 

Amphibians  and  macroinvertebrates  may  respond  similarly  to  differences  in  wetland 
characteristics  and  assemblages  and  differ  depending  on  water  permanence  within  the  wetlands 
(Babbitt  et  al.  2003).  Amphibian  abundance  decreases  and  fish  abundance  increases  as  the 
proportion  of  open  water  to  rangeland  increases  (Mensing  et  al.  1998).  Salamanders  were 
virtually  eliminated  in  wetlands  treated  with  insecticides.  Herbicides  had  negative  effects  on 
amphibian  body  size  and  development  (Boone  and  James  2003).  Amphibian  species  richness 
was  positively  correlated  with  wetland  area  and  forest  cover  in  Ontario  wetlands,  and  negatively 
correlated  with  road  density  and  N  concentrations  (Houlahan  and  Findlay  2003). 

More  investigations  are  required  to  determine  the  best  biological  indicators  of  wetland 
health  (US  EPA  2002d).  Many  wetland  biota  can  tolerate  stressful  conditions  produced  by 
natural  disturbances  as  well  as  anthropogenic  disturbances  (Euliss  et  al.  1 999,  Higgins  and 
Merritt  1999).  It  is  therefore  difficult  to  differentiate  between  biotic  effects  that  are  natural 
compared  to  human-induced.  Preliminary  studies  in  wetlands  of  the  USA  have  shown  that  using 
a  suite  of  biological  indicators  (especially  macroinvertebrates  and  plants)  together  provides 
increased  power  of  bioassessments  (Adamus  et  al.  2001). 

Some  biological  indicators/assemblages  may  be  useful  in  some  wetlands  but  not  in 
others,  depending  on  wetland  class  and  geographic  location  (US  EPA  2002d).  Therefore  it  is 
recommended  that  several  wetlands  be  sampled  when  evaluating  usefulness  of  indicators  and 
wetlands  of  the  same  region  and  class  (i.e.,  fen,  marsh,  open  water)  are  compared  with  one 
another. 
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9.0  SUMMARY 


Wetlands  cover  approximately  21%  of  the  land  area  of  the  province  of  Alberta  (NWWG 
1988).  These  unique  ecosystems  represent  a  transitional  area  between  open  water  and  upland, 
and  because  of  their  unique  features  are  comprised  of  a  wide  mosaic  of  habitats  (Rose  and 
Crumpton  1996).  Wetlands  in  Alberta  provide  a  variety  of  valuable  biological  and  economic 
functions  (DUG  2004).  Many  of  these  wetlands  have  been  negatively  impacted  by  anthropogenic 
disturbances  (Turner  et  al.  1987)  which  in  turn  affects  the  health  and  function  of  the  wetlands.  In 
order  to  assess  the  health  of  wetland  ecosystems  in  Alberta,  particularly  in  the  prairie,  aspen 
parkland  and  boreal  dry  mixedwood  regions,  we  recommended  that  ecological  indicators  be  used 
to  assess  wetland  structure  and  function,  and  hence  wetland  "health".  Good  indicators  of  a 
healthy  or,  alternatively,  a  degraded/impacted  wetland,  have  been  measured  in  a  variety  of 
wetlands  in  North  American  and  have  been  shown  to  respond  in  a  predictable  manner  to 
increasing  levels  of  disturbance  (Karr  and  Chu  1999).  In  general,  indicators  of  wetland  health 
may  be  biological,  physical  or  chemical  in  nature. 

Despite  the  large  amount  of  research  on  various  wetlands  in  North  America,  information 
on  general  ecology  and  characteristics  of  wetlands  in  Alberta  is  limited,  especially  in  the  aspen 
parkland  and  boreal  dry  mixedwood  ecozones  of  the  province.  Even  research  on  prairie  wetlands 
is  limited  in  Alberta,  although  studies  in  Manitoba  prairie  wetlands  (specifically  the  Delta 
Marsh)  are  common  and  studies  from  US  prairie  pothole  wetlands  are  abundant.  It  must  be 
recognized  that  Stewart  and  Kantrud's  (1971)  prairie  wetland  classification  system  encompasses 
seven  types  of  wetlands  (ephemeral,  temporary,  seasonal,  semi-permanent,  permanent,  alkali  and 
fen  ponds).  Specific  studies  on  each  of  these  types  are  rare  in  Canada,  especially  as  they  relate  to 
ecological  indicators. 

There  has  been  partial  mapping  of  wetlands,  wetland  loss  and  wetland  types  for  the 
prairie,  aspen  parkland,  and  boreal  dry  mixedwood  ecozones  of  Alberta.  Wetland  mapping  has 
been  done  for  selected  regions,  but  only  regional  comprehensive  wetland  inventories  exist. 
Hence,  information  on  wetland  loss  and  destruction,  extent  of  disturbance  to  wetlands  and  the 
impacts  of  these  disturbances  on  wetland  health  and  function  is  minimal  within  the  province  of 
Alberta.  Without  this  information  it  is  difficult  to  make  inferences  about  good  potential 
indicators  of  wetland  health  in  the  province,  especially  given  the  wide  range  of  natural  variation 
within  and  among  wetlands.  To  determine  which  indicators  best  characterize  the  health  of  the 
diverse  wetlands  of  Alberta,  we  need  to  have  information  on  wetlands  under  a  wide  range  of 
natural  and  anthropogenic  disturbances. 

Based  on  the  scientific  literature  from  studies  on  Alberta  wetlands  as  well  as  other  North 
American  wetlands,  there  does  not  seem  to  be  any  single  indicator  or  class  of  indicators  which 
will  be  the  most  useful  to  assess  wetland  health  and  function.  It  appears  that  some  indicators  are 
useful  in  one  context,  one  in  another  and  that  it  would  be  best  to  develop  an  integrated  index  of 
ecological  integrity  using  a  suite  of  indicators.  Biological  indicators  appear  to  be  the  most  useful 
tool  in  some  wetlands  to  assess  wetland  health  and  function,  as  opposed  to  physical  and  chemical 
indicators.  In  other  situations,  physical  and  chemical  indicators  may  be  more  useful,  for  example 
if  one  wants  to  determine  concentrations  or  inputs  of  specific  contaminants  such  as  pesticides  or 
metals  in  a  given  group  of  wetlands.  In  many  situations,  total  phosphorus  concentrations  in  the 
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water  column  are  often  used  as  a  measure  of  trophic  status  in  aquatic  systems.  However  in 
Alberta,  total  phosphorus  in  the  water  is  generally  very  high  and  many  wetlands  are  reported  as 
eutrophic  to  hypereutrophic  based  on  phosphorus  levels  (Bayley  and  Prather,  2003,  Casey  et  al. 
1999,  Prepas  et  al.  2001).  Even  wetlands  in  undisturbed  watersheds  can  have  very  high 
concentrations  of  TP  and  other  nutrients.  Hence  chemical  indicators  have  to  be  combined  with 
other  indicators  to  distinguish  anthropogenic  disturbance  from  natural  variability  (Bayley 
unpublished). 

Biological  indicators  presumably  respond  in  a  more  predictable  manner  than  chemical  or 
physical  indicators  to  disturbance.  Also,  biological  communities  in  wetlands  with  a  high 
proportion  of  degraded  land  uses  (e.g.,  urban,  agricultural)  in  the  watersheds  can  be  assumed  to 
be  disturbed  (US  EPA  2002d). 

Measuring  several  biological  indicators  may  be  more  useful  in  assessing  wetland  health 
than  just  measuring  one  (Adamus  et  al.  2001)  especially  given  the  high  range  of  natural  variation 
in  relatively  pristine  wetlands  (US  EPA  2002c,d).  Furthermore,  certain  indicators  may  be  more 
useful  in  one  class  of  wetland  than  in  another  (US  EPA  2002c). 

9.1      Issues  to  Consider  When  Developing  Indicators 

It  is  clear  that  an  index  of  biotic  integrity  can  be  developed  for  a  given  class  or  type  of 
wetlands  in  the  different  ecozones  of  Alberta.  There  are  a  number  of  issues  that  should  be 
considered  in  the  development  processes.  These  include  differences  in  wetland  zones, 
differences  across  the  growing  season,  differences  in  wet  and  dry  years  as  well  as  a  host  of  other 
factors  that  may  affect  the  successful  development  of  an  index  of  biotic  integrity.  To  account  for 
all  of  these  sources  of  variation,  there  is  a  need  for  consistency  and  standardization  with  respect 
to  study  design,  timing  of  sample  collection  and  sampling  methods  and  data  analysis. 

One  may  want  to  sample  indicators  in  different  vegetation  zones  since  there  are  so  many 
naturally  different  habitats  within  a  given  wetland  (van  der  Valk  2005)  and  indicators  are  likely 
to  change  depending  on  the  vegetative  zone.  For  example,  open  water  habitats  will  be  naturally 
different  from  an  adjacent  marsh  fringe  habitat  and  a  surrounding  riparian  buffer  habitat. 
However  all  three  of  these  areas  will  be  located  within  the  same  wetland.  In  such  cases,  as  long 
as  there  is  consistency  between  wetlands  (e.g.,  only  sampling  open  water)  or  all  vegetation  zones 
are  measured,  discrepancies  shouldn't  arise.  In  addition,  sampling  of  various  indicators  can  take 
place  at  the  same  time.  For  example,  a  helicopter  survey  of  ponds  could  simultaneously  assess 
bird  abundance,  SAV  abundance,  extent  of  riparian  areas  and  surrounding  watershed  land  use. 
On-site  surveys  could  assess  water  chemistry  parameters  such  as  turbidity  and  nutrient 
concentrations  as  well  as  vegetation  characteristics  (e.g.,  presence  of  native  and  introduced 
species). 

A  study  measuring  these  indicators  in  wetlands  of  Alberta's  prairie,  aspen  parkland  and 
boreal  dry  mixedwood  region  would  be  useful  in  wetlands  across  a  range  of  disturbance.  This  is 
difficult  since  the  majority  of  wetlands  in  the  prairie  and  parkland  regions  have  been 
anthropogenically  impacted.  Despite  this,  a  range  of  disturbances  exists,  from  minimally 
impacted  to  heavily  impacted.  Further,  wetlands  should  be  classified  to  make  sampling  and 
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indicator  development  meaningful.  One  set  of  indicators  will  not  be  useful  for  all  wetland  types 
but  must  be  specific  to  the  wetlands  class/type.  In  other  words,  wetland  health  indicators  are 
specific  to  a  given  wetland  type  (e.g.,  indicators  for  rich  fens  may  not  be  suitable  for  permanent 
prairie  marshes).  In  addition,  wetland  restoration  success  may  be  evaluated  by  comparing  these 
sites  to  natural  analogs  of  relatively  undisturbed,  natural  systems.  It  is  necessary  to  identify  the 
type  of  wetland  that  restoration  is  attempting  to  achieve,  the  most  suitable  indicators  for  natural 
wetlands  within  the  same  area,  and  compare  health  indicators  of  restored  wetlands  to  the  range  of 
variability  observed  in  natural  wetlands. 

The  number  of  sites  selected  for  the  indicator  study  should  be  sufficient  to  show  a  wide 
range  of  disturbance.  Care  should  be  taken  to  ensure  that  the  study  encompasses  the  same  class 
of  wetland  to  try  to  reduce  the  range  of  natural  variation.  Several  studies  will  be  needed  to 
compare  indicators  across  wetland  classes.  For  example,  prairie  wetlands  can  encompass  seven 
classes  (e.g.  Stewart  and  Kantrud  1971)  which  can  be  further  complicated  by  transition  of  one 
wetland  class  to  another  or  natural  wet/dry  cycles  (van  der  Valk  and  Davis  1978).  In  the  aspen 
parkland  region  marshes  (semi  permanent  and  permanent)  and  fens  are  common,  where  fens  can 
range  from  poor  to  extreme  rich  (expressed  in  differences  in  species  assemblages).  In  the  boreal 
dry  mixedwood  region  marshes,  non  forested  fens,  forested  fens,  swamps  and  bogs  are  present 
and  each  of  these  classes  should  be  represented  in  an  indicator  pilot  study.  In  some  cases, 
wetland  classes  can  be  combined  in  pilot  studies  if  there  are  numerous  wetlands  in  transition 
between  one  class  and  another. 

Despite  the  complexity  of  wetlands  there  are  numerous  successful  studies  that  developed 
an  index  of  biotic  integrity  for  wetlands  and  these  IBIs  are  used  in  management  (Brown  and 
Batzar  2001). 

9.2      Potential  Physical  and  Chemical  Indicators 

9.2.1  Prairie 

Surface  water  nutrients  may  reflect  inputs  of  nutrients  from  surrounding  wetlands  in 
some  instances  (Casey  et  al.  1999).  Caution  should  be  taken  due  to  the  wide  range  of  variability 
that  occurs  among  and  within  wetlands  (White  et  al.  2000,  White  and  Bayley  2001)  and  the  fact 
that  most  wetlands  in  this  region  are  already  eutrophic  (Casey  et  al.  1999). 

Water  chemistry  is  quite  variable  in  Alberta's  prairie  wetlands  (Prepas  et  al.  2001,  White 
and  Bayley  2001)  yet  it  can  provide  an  overall  general  picture  of  surface  water  quality. 
Measurements  of  basic  water  chemistry  parameters  may  be  useful  to  indicate  wetland  health.  In 
Canadian  prairie  wetlands,  turbidity  was  attributed  to  increased  algal  concentrations  as  well  as 
increased  sediment  suspension  in  the  water  column  (Jackson  2003),  both  of  which  are  attributed 
to  agricultural  activities  in  the  watershed. 

Extent  of  riparian  buffer  area  surrounding  prairie  wetlands  may  also  be  a  good  indicator 
as  increasing  width  and  amount  of  riparian  areas  edging  is  associated  with  increased  "health"  in 
the  form  of  nutrient  retention  (Klapproth  2000)  as  well  as  increasing  bird  species  richness 
(Naugle  etal.  1999). 
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9.2.2    Aspen  Parkland 


In  general,  wetlands  in  Alberta's  aspen  parkland  are  mesotrophic  to  hypereutrophic 
(Anderson  et  al.  2002,  Casey  et  al.  1999)  based  on  phosphorus  concentrations.  Therefore, 
measurements  of  TP  concentrations  may  not  be  useful  indicators  because  a  natural  gradient  of 
low  P  to  high  P  associated  with  disturbance  does  not  seem  to  exist.  In  wetlands  of  the  aspen 
parkland  of  British  Columbia,  total  dissolved  nitrogen  and  calcium  in  surface  water  were  good 
indicators  of  wetland  health  in  that  wetlands  with  higher  dissolved  nitrogen  and  calcium  were 
associated  with  "healthier"  wetlands  that  had  increased  waterfowl  use,  whereas  chloride 
concentrations  were  negatively  related  (Savard  et  al.  1994).  Measurements  of  dissolved  nitrogen 
and  calcium  may  also  be  useful  indicators  of  wetland  health  in  Alberta's  parkland  region. 

Larger  extent  and  width  of  riparian  buffers  surrounding  wetlands  may  also  be  useful  as 
indicators  of  a  "healthier"  wetland.  In  this  area  of  the  province,  riparian  areas  are  known  to 
protect  water  quality  from  runoff  loading  of  pesticides  and  other  chemicals  from  agricultural 
uplands  (Wauchope  et  al.  1994,  Anderson  et  al.  2002). 

9. 2. 3    Boreal  Dry  Mixedwood 

There  is  a  large  range  of  natural  variation  in  the  water  chemistry  of  wetlands  in  the  boreal 
dry  mixedwood  region  of  Alberta,  which  alternates  between  clear  and  turbid  states  (Bayley  and 
Prather  2003,  Bayley  et  al.  2007  and  Norlin  et  al.  2005).  Measurements  of  nutrient  status  may  be 
difficult  for  use  as  an  indicator  because  many  wetlands  are  naturally  phosphorus  rich  (Bayley 
and  Prather  2003,  Macrae  et  al.  2004,  Mitchell  and  Prepas  1990)  and  disturbance  to  the 
surrounding  areas  does  not  necessarily  affect  wetland  nutrient  concentrations  (Macrae  et  al. 

2004)  .  Instead,  measurements  of  physical  variables  may  prove  to  be  more  useful  in  the  boreal 
dry  mixedwood.  Physical  alterations  such  as  extent  of  agricultural  activity  in  the  watershed, 
width  of  riparian  buffer,  fragmentation  of  the  surrounding  wetlands  as  well  as  unnatural  drainage 
or  ditching  that  is  visible  within  the  wetland  is  often  assumed  to  cause  wetland  disturbance  and 
result  in  poorer  wetland  "health"  (US  EPA  2002c). 

9.3      Potential  Biological  Indicators 

9.3.1  Prairie 

Invertebrate  communities  in  prairie  wetlands  are  variable  depending  on  year  (Zimmer  et 
al.  2000),  season  (Murkin  et  al.  1992),  natural  or  anthropogenic  disturbances,  wet/dry  cycles 
(Whiles  and  Goldowitz  2005),  and  presence  or  absence  of  fish  populations  (Zimmer  et  al.  2001). 
However,  invertebrate  egg  banks  may  be  useful  indicators  because  diversity  and  abundance 
decreases  with  increasing  agricultural  usage  (Gleason  et  al.  2003).  Zooplankton  species  richness 
may  also  be  useful  as  species  richness  decreases  with  increasing  agricultural  activity  (Dodson 
and  Lillie  2001).  Measuring  only  Odonates  (dragonflies  and  damselflies)  may  be  a  less 
complicated  approach  since  they  decrease  in  response  to  disturbance  (Foote  and  Rice-Homung 

2005)  .  However,  it  is  not  known  how  representative  this  study  is  for  the  entire  region.  Use  of 
floristic  quality  indices  (FQIs)  have  proven  to  be  usefiil  to  assess  ecosystem  heath  and  may  be 
useful  in  prairie  wetlands  (Mushet  et  al.  2002).  For  example,  native  grass  species  are  associated 
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with  "healthier"  wetlands  whereas  disturbed  wetlands  have  a  higher  proportion  of  introduced 
species  (Galatowitsch  et  al.  1998).  Care  must  be  taken  since  vegetation  communities  are 
naturally  quite  different  between  different  wetland  classes  and  vegetation  zones  (van  der  Valk 
2000,  Murkin  et  al.  2000). 

Presence  and  abundance  of  submersed  aquatic  vegetation  (SAV)  may  indicate  healthier 
prairie  wetlands.  These  vegetative  communities  are  often  associated  with  healthy  marshes  in  the 
Great  Lakes  region  (Lougheed  and  Chow-Fraser  2002).  Growth  of  SAV  is  inhibited  by 
sedimentation  (Zimmer  et  al.  2003)  as  well  as  by  additions  of  herbicides  (Chapin  et  al.  2004), 
both  of  which  are  prevalent  in  the  prairies  in  wetlands  surrounded  by  agriculture. 

Presence  of  dense  monotypic  stands  of  cattails  (Typha  spp.)  may  be  indicative  of 
unhealthy  wetlands  since  they  are  tolerant  of  hypoxic  (Murkin  et  al.  1992)  and  nutrient-rich 
conditions  (Davis  and  van  der  Valk  1983)  and  generally  degraded  sites  (Lougheed  et  al.  2001). 
However,  Typha  monocultures  can  also  naturally  exist. 

Measurements  of  algal  biomass  or  chlorophyll  a  concentrations  may  be  useful  indicators 
of  prairie  wetland  health  since  nutrient  addition  (e.g.,  from  agricultural  activities)  result  in 
increased  algal  biomass  (Sandilands  et  al.  2000,  Harm  and  Goldsborough  1997,  McDougal  et  al. 
1997).  In  Saskatchewan  prairie  lakes,  fossil  (paleolimnological)  analysis  indicated  that 
agriculture  and  urbanization  led  to  an  increased  proportion  of  cyanobacteria  in  the  phytoplankton 
community  (Hall  et  al.  1999). 

Waterfowl  abundance  may  also  be  useful  indicators  of  prairie  wetland  health  since 
breeding  activity  increases  in  least-disturbed  sites  (Casey  et  al.  1999)  and  duck  abundance 
decreases  in  areas  impacted  by  agriculture.  However  changes  to  duck  populations  may  also  be 
due  to  natural  disturbances  such  as  drought  (Bethke  and  Nudds  1995).  Further,  waterfowl 
abundance  on  individual  lakes  varies  between  years.  Overall  waterfowl  abundance  may  not  be  a 
useful  indicator  for  individual  lakes  or  waterbodies  but  useftil  in  a  regional  context  or  in 
conjunction  with  other  indicators  in  the  development  of  an  index  of  wetland  health. 

9.3.2    Aspen  Parkland 

Benthic  macroinvertebrates  may  be  useful  to  assess  disturbances  to  aquatic  systems  in 
Alberta's  aspen  parkland  (Casey  1995).  In  general,  lower  abundance  of  benthic 
macroinvertebrates  indicates  an  "unhealthy"  system  (Casey  1995).  Given  the  variability  in 
benthic  macro-invertebrates  between  open  water  zones,  submersed  vegetation  and  emergent 
vegetation  zones,  it  is  not  a  "simple"  indicator. 

Perhaps  the  most  documented  biological  parameter  in  the  aspen  parkland  is  the  waterfowl 
community  and  may  be  the  best  indicator  of  wetland  health  in  the  region.  Declines  in  waterfowl 
abundance  are  attributed  to  landscape  disturbance  (Nudds  and  Clark  1993,  Savard  et  al.  1994)  as 
well  as  grazing  disturbances  (Casey  et  al.  1999).  Again,  use  of  waterfowl  abundance  or  species 
characteristics  as  an  indicator  for  a  specific  lake  has  limitations  as  indicated  above. 
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9. 3. 3    Boreal  Dry  Mixedwood 


Due  to  lack  of  data,  we  are  not  able  to  recommend  indicators  for  wetlands  in  the  boreal 
dry  mixedwood  region  of  Alberta.  Studies  in  this  region  have  been  limited  and  the  range  of 
natural  variability  in  the  richness  gradient  of  marsh,  swamp,  bog,  and  fen  wetlands  in  the  boreal 
dry  mixedwood  region  of  the  province  have  not  been  quantified  to  date. 

Waterfowl  abundance  may  potentially  be  useful  as  a  biological  indicator  in  this  region 
since  studies  of  other  biological  communities  are  rare.  Decreases  in  duck  abundance  in  this 
region  are  more  likely  to  be  in  response  to  anthropogenic  changes  since  drought  is  not  as 
common  as  it  is  in  the  prairie  and  parkland  regions  (Bethke  and  Nudds  1995).  However 
waterfowl  abundance  can  also  be  influenced  by  regional  climate,  especially  drought  in  the 
prairies  which  causes  birds  to  fly  further  north. 

Ponds  in  Alberta's  boreal  plain  tend  to  be  naturally  phosphorus-  and  plankton-rich 
(Mitchell  and  Prepas  1990,  Bayley  and  Prather  2003,  Norlin  et  al.  2005,  Prepas  et  al.  2001), 
however  nutrient  addition  increases  phytoplankton  biomass  in  these  systems  (Grant  and  Tonn 
2002).  Increasing  total  phosphorus  is  correlated  with  increasing  proportions  of  cyanobacteria 
(Kotak  et  al.  2000)  and  therefore  measuring  algal  biomass  and/or  community  composition  may 
be  useful  indicators  of  wetland  health.  However,  research  is  limited  across  the  large  range  of 
conditions. 

In  general,  several  studies  on  wetlands  in  Alberta  and  North  America  have  documented 
specific  physical,  chemical  and  biological  characteristics  of  these  sites  (Table  6);  each  of  these 
characteristics  is  a  potential  indicator  of  wetland  health.  Based  on  the  primary  literature,  some  of 
these  characteristics  appear  to  respond  in  a  predictable  manner  to  disturbance  and  therefore  are 
identified  as  potentially  good  indicators  of  wetland  health  in  Alberta  wetlands  (Table  7). 
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10.0  RECOMMENDED  APPROACH 


Overall,  numerous  indicators  should  be  investigated  in  each  of  the  wetland  types,  but 
funding  for  such  studies  is  unlikely  in  the  near  future.  Instead,  we  recommend  that  macrophytic 
vegetation  abundance  and  species  composition,  macroinvertebrate  abundance  and  diversity,  and 
water  quality  (nutrients)  parameters  to  be  measured  in  marshes  in  an  ecozone  that  is  facing 
imminent  development  pressure.  The  best  candidate  areas  are  the  boreal  transition  zone  and 
aspen  parkland  ecozones.  These  are  the  regions  where  natural  wetlands  still  exist  as  well  as  a 
gradient  of  disturbed  wetlands.  These  are  also  the  regions  where  the  Alberta  government  has  the 
opportunity  to  utilize  an  index  of  biotic  integrity  in  their  management  of  active  restoration 
efforts. 

The  US  EPA  (2002c)  cautions  that  only  about  1/3  of  "potential"  indicators  identified  will 
actually  be  useful  indicators  of  wetland  health.  Therefore  several  potential  indicators,  if  not  all 
potential  indicators,  should  be  measured  to  determine  which  respond  best  and  most  predictably 
along  a  disturbance  gradient.  It  is  further  recommended  that  several  indicators  within  a  wetland 
system  be  combined  to  form  a  multimetric  index  of  the  overall  health  or  condition  of  a  wetland 
site  (Figure  3). 

Numerous  studies  in  the  US  have  successfully  developed  IBIs  for  management  purposes. 
The  various  indicators  (macroinvertebrates,  birds,  vegetation,  algae,  etc.)  may  respond  to 
different  stressors  in  different  ways.  The  studies  show  that  many  of  the  indicators  reviewed  here 
are  useful,  but  that  macrophytic  vegetation  and  macroinvertebrates  appear  to  have  the  greatest 
number  of  useful  attributes  to  distinguish  between  degraded  and  undisturbed  wetlands  (Rader  et 
al.  2001). 
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Table  6     Summary  of  physical,  chemical  and  biological  attributes  measured  in  wetlands  in 

the  Prairie  region  of  North  America  and  Canada's  (mostly  Alberta)  Aspen  Parkland 
and  Boreal  Dry  Mixedwood  regions,  as  well  as  attributes  commonly  measured  in 
other  North  American  wetland  systems. 


Region 

Chemical/Physical 
Indicators 

Biological  Indicators 

Prairie 

•  TP 

•  TN 

•  Inorganic  N 

•  Turbidity 

•  Dissolved  oxygen 

•  Water  depth 

•  Surface  area 

•  Width  of  riparian  area 

•  Proportion  of  agriculture 
in  landscape 

•  Toxicant  concentrations 

•  Macroinvertebrate  and 
zooplankton  community 
structure 

•  Invertebrate 
biomass/abundance 

•  Invertebrate  species 
richness 

•  Invertebrate  egg  bank 
diversity 

•  Benthic 
macroinvertebrate 
abundance 

•  Vegetation  composition 

•  Macrophyte  biomass 
(^emergent  ano  oA.  v  ) 

•  Presence  of  introduced 
plant  species 

•  Monotypic  cattail  stands 

•  Algal  biomass 

•  Waterfowl  abundance 

•  Breeding  pair  densities 
of  waterfowl 

•  Presence/absence  of  fish 

Aspen  Parkland 

•  TP 

•  Inorganic  N 

•  TDN 

•  Calcium 

•  Chloride 

•  Pesticide  concentrations 

•  Width  of  riparian  zone 

•  Macroinvertebrate 
species  richness 

•  Macroinvertebrate 
abundance  and  biomass 

•  Benthic 
macroinvertebrate 
abundance  and 
composition 

•  Productivity  of  S AV 

•  Diversity  of  S AV 

•  Algal  biomass 

•  Emergent  macrophyte 
biomass 

•  Waterfowl  abundance 
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•  Watprfowl  hrppHinf 

pairs 

•  Amphibian  abundance 

•  Amphibian  deformity 
levels 

Boreal  Dry  Mixedwood 

•  Turbidity 

•  TP 

•  Upland  disturbances 
(harvesting) 

•  Zooplankton 
communities 

•  SAV  abundance 

•  Chlorophyll 
concentrations 

•  Macroin  vertebrate 
biomass 

•  Waterfowl  (duck) 
abundance 

•  Vegetation  communities 

•  Presence/absence  of  fish 

Other  Regions 

•  TP 

•  Conductivity 

•  Forested  area  in 
watershed 

•  SRP 

•  Inorganic  N 

•  Sediment  nutrients 

•  Water  levels 

•  Decomposition  rates 

•  Soil  properties 

•  Width  of  riparian  buffers 

•  Algal  biomass 

•  Diversity  and  species 
richness  of  Algae 

•  Proportion  of 
cyanobacteria 

•  Proportion  of 
Chironomidae  in  benthic 
macroinvertebrate 
assemblages 

•  Biomass  of  leeches 

•  Invertebrate  richness  and 
diversity 

•  Emergent  vegetation 
biomass 

•  SAV  biomass  and  cover 

•  Biomass  of  cattails 

•  Floristic  quality 

•  Amphibian  richness 
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Table  7     Potential  indicators  in  the  primary  literature  from  studies  in  the  Prairie  region  of 
North  America,  the  Aspen  Parkland  region  of  Alberta  and  British  Columbia,  and 
the  Boreal  Dry  Mixedwood  region  of  Alberta.  These  indicators  were  successful  in 
identifying  some  aspect  of  wetland  "health",  i.e.  they  appeared  to  respond  in  a 
predictable  manner  to  disturbance. 


Region 

Chemical/Physical 
Indicators 

Biological  Indicators 

Prairie 

•  Surface  water  N  and  P 
concentrations 

•  Turbidity 

•  Width  and  extent  of 
riparian  buffer  areas 

•  Invertebrate  egg  bank 
diversity 

•  Zooplankton  species 
richness 

•  Odonate  abundance 

•  Floristic  quality 

•  Presence  of  introduced 
plant  species 

•  SAV  abundance 

•  Presence  of  monotypic 
cattail  stands 

•  Algal  biomass 

•  Chlorophyll 

c  on  r  PTi  tra  ti  otts 

•  Proportion  of 
cyanobacteria 

•  Waterfowl  abundance 
and  breeding  activity 

Aspen  Parkland 

•  TDN 

•  Calcium  concentrations 

^         J_(A.lt/lll  yJL  1  IL/Cli  Idil 

buffers 

•  Benthic 
macroinvertebrate 
abundance 

•  Waterfowl  abundance 
and  breeding  activity 

Boreal  Dry  Mixedwood 

•  Extent  of  agricultural  or 
forested  areas  in  the 
watershed 

•  Fragmentation  of 
surrounding  watersheds 

•  Extent  of  riparian  buffer 
area 

•  Unknown  due  to  lack  of 
baseline  data 

•  Potentially  waterfowl 
abundance  and  algal 
biomass  and  community 
composition 
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State  of  riparian  zone 

Open  water  area 


Figure  3  Suite  of  indicators  potentially  useful  for  determining  wetland  health  in 
Alberta's  Prairie,  Aspen  Parkland  and  Boreal  Dry  Mixedwood  regions 
(adapted  from  Jacques  Whitford  Inc.  2005) 
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Appendix  1:  Matrix  of  papers  of  wetland  indicators 


Indicator 

Prairie 

(Canada  and 
USA) 

Aspen 
parkland 

(Alberta) 

Dry  boreal 
mixed  wood 

(Alberta) 

Other  regions 

(that  have  papers 
of  interest) 

Biological  Indicators 

Algae 

Mayer  & 
Galatowitsch 
1999,  2001, 
LaBaugh  1994, 
Zrum  et  al.  2000, 
McDougal  et  al. 
1997,  Sandilands 
et  al.  2000,  Hann 
and  Goldsborough 
1997,  Murkin  et  al. 
1991,  Murkin  et  al. 
1989, 

Goldsborough  and 
Hann  1995 

Robarts  et  al. 
1995,  Taylor  and 
Helwig  1995 

Prepas  et  al.  2000, 
Bayley  &  Prather 
2003,  Grant  and 
Tonn  2002 

Wu  and  Mitsch  1998, 
US  EPA  2002e, 
McCormick  and 
Stevenson  1998, 
Stevenson  et  al.  2001, 
Lowe  and  Pan  1996, 
Schallenberg  and 
Bums  2004,  Floder 
and  Bums  2004,  Pan  et 
al.  2000,  Best  et  al. 
1984,  Ozimek  et  al. 
1991,  McNair  and 
Chow-Fraser  2003, 
Rejmankova  and 
Komarkova  2005, 
Zheng  et  al.  2004, 
McNair  and  Chow- 
Fraser  2003,  Schindler 
1987,  Mayer  and 
Galatowitsch  1999, 
Zheng  et  al.  2004 

Zooplankton, 
Invertebrates 

Mayer  et  al.  2004, 
Plum  2005, 
Tangen  et  al.  2003, 
Zrum  and  Hann 
2002,  Melaas  et  al. 
2001 

Casey  etal.  1999 

Norlin  et  al.  2005, 
Mitchell  and  Prepas 
1990,  Prepas  et  al. 
2001 

Rosenberg  and  Resh 
1993,  Karr  and  Chu 
1997,  Burton  et  al. 
1999,  King  et  al.  2000, 
Rader  et  al.  2001, 
Lougheed  and  chow- 
Fraser  1998,  Barbour 
etal.  1997,  MacKenzie 
et  al.  2004 

Vascular 
plants  and 
bryophytes 

Budelsky  & 
Galatowitsch 

1999,  Seabloom& 
van  der  Valk  2003, 
Zimmer  et  al. 
2003,  Dechka  et  al. 
2002,  Zrum  and 
Hann  2002, 
Sandilands  et  al. 

2000,  Zimmer  et 
al.  2001,  Shay  et 
al.  1999,  Rose  and 
Crumpton  1996, 
Bowles  et  al.  2005, 
Kantrud  1986, 
Mushet  et  al.  2002, 

Schultz  & 
Thormann  2005, 
Nicholson  1995, 
Taylor  and  Helwig 
1995,  Casey  et  al. 
1999 

Locky  et  al.  2005, 
Whitehouse  & 
Bayley  2005, 
Bayley  and  Prather 
2003,  Bayley  et  al. 
2007 

Rejmankova  2005, 
Mushet  et  al.  2002, 
Middleton  2003, 
Cohen  et  al.  2005, 
Spieles  2005,  Belland 
&Vitt  1995,  Matthews 
et  al.  2005,  Daoust  and 
Childers  1999, 
Templeretal.  1998, 
Lougheed  and  Chow- 
Fraser  2001,  US  EPA 
2002f,  Davis  and  van 
der  Valk  1983,  Craft 
and  Richardson  1997, 
Pano  etal.  1999, 
Lougheed  et  al.  2001, 
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Lillie  and  Evrard 
1994,  Zimmer  et 
al.  2003, 

Galatowitsch  et  al. 
1998,  Gleason  and 
Euliss  1998, 
Gleason  et  al. 
2003,  Murkin  et  al. 
1992 

Best  et  al.  1984. 
Ozimeketal.  1991, 
McNair  and  Chow- 
Fraser  2003,  Matthews 
et  al.  2005,  Lopez  and 
Fennessy  2002, 
Adamus  et  al.  2001 

Macro- 
invertebrates 

Tangen  et  al.  2003, 
Jenkins  et  al.  2003, 
Gleason  et  al. 

2004,  Foote  & 
Rice  Homung 

2005,  Homung  & 
Rice  2003,  Murkin 
etal.  1992,  Zrum 
et  al.  2000,  Hann 
and  Goldsborough 
1997,  Neckles  et 
al.  1990,  Lillie  and 
Evrard  1994, 
Zimmer  et  al. 
2000,  Murkin  et  al. 
1992,  Whiles  and 
Goldowitz  2005, 
Batzer  et  al.  2004, 
Euliss  1999, 
Gleason  et  al. 
2003,  Dodson  and 
Lillie  2001 

Casey  1995 

Steinman  el  al.  2003, 
Flinn  et  al.  2005, 
Jeffries  1994,  Bataille 
and  Baldassarre  1993, 
Magee  and 
Fredrickson  1993,  US 
EPA  2002b,  Pettigrove 
and  Hoffman  2005, 
Hart  and  Lovvom 
2005,  Kashian  and 
Burton  2000,  Flinn  et 
al.  2005,  Adamus  et  al. 
2001,  King  and 
Richardson  2002, 
McCormick  et  al. 
2004,Hall  et  al.  2004, 
Freeman  and  Schorr 
2004,  Spieles  and 
Mitsch  2000,  De 
Szalay  and  Resh  2000, 
Balcombe  et  al.  2005 

Fish  and 
Amphibians 

Relyea  2005, 
Zimmer  et  al. 

2002,  Hanson  et  al. 
2005,  Zimmer  et 
al.  2001,  Swanson 
etal.  1988,  Euliss 
etal.  1999, 
Zimmer  et  al. 
2000,  Tangen  et  al. 

2003,  Semlitsch  et 
al.  1995 

Casey  etal.  1999, 
Turner  etal.  1987, 
Hamilton  et  al. 
1998,  Takats  and 
Priestley  2002, 
Eaton  et  al.  2004, 
Hannon  et  al.  2002 

Conlon  2002,  Tonn 
et  al.  2003, 
Danylchuk  and 
Tonn  2003 

Pollet  &  Bendell- 
Young,  2000, 
Houlahan  and  Findlay 
2003,  Mallory  et  al. 
1994,  Findlay  et  al. 

2002,  Babbitt  et  al. 

2003,  Mensing  et  al. 
1998,  Boone  and 
James  2003 

Birds 

Bethke  &  Nudds 
1995,Naugle  et  al. 
2001,Naugle  et  al. 
1999,  Podruzny  et 
al.  2002,  Fairbaim 
and  Dinsmore 

2001,  Lille  and 
Evrard  1994, 
Higgins  and 
Barker  1982, 
Kantrud  1986, 
Paillisson  et  al. 

2002,  Caithamer  et 
al.  1992,  Nudds 

Mack  et  al.  2003, 
Miller  2000, 
Eskowitch  et  al. 
1998,Bjorge  1999, 
Casey  et  al.  1999, 
Johnson  and  Grier 
1988,  Hestbeck 
1995,  Bethke  and 
Nudds  1995, 
Caithamer  et  al. 
1992,  Nudds  and 
Clark  1993, 
Johnson  and 
Shaffer  1987 

Hobson  et  al.  2000, 
Johnson  and  Grier 
1988,  Hestbeck 
1995,  Paszkowski 
et  al.  2004, 
Morrison  2002, 
Bethke  and  Nudds 
1995,  Paszkowski 
and  Tonn  2000 

Kingsford  1999, 
Savardetal.  1994, 
Fairbaim  and  Dismore 
2001,Naugle  et  al. 
1999,  US  EPA  2002a, 
Koopowitz  et  al.  1994, 
Vos  and  85 
Stumpel  1995 
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and  Clark  1993, 
Johnson  and 
Shaffer  1987, 
Lillie  and  Evrard 
1994,  Austin  et  al. 
2001,  Stapanian  et 
al.  2004,  Batt  et  al. 
1989,  Austin  2002 

Chemical  Indicators-  water  and  sediment 

TP,  otlier 

water 

chemistry 

White  et  al.  2000, 
Amon  et  al.  2002, 
Ontkean  et  al. 
2003,  Waiser 
200 1 ,  Zrum  and 
Hann  2002, 
Sandilands  et  al. 
2000,  Hann  and 
Goldsborough 
1997,  McDougal  et 
al.  1997,  Zimmer 
et  al.  2001,  Rose 
and  Crumpton 
1996,  Casey  et  al. 
1999,  White  and 
Bayley  2001, 
Prepas  et  al.  2001, 
Shay  et  al.  1999, 
Detenbeck  et  al. 
2003,  Foote  and 
Rice-Homung 
2005,  Dieter  1991, 
Jackson  2003, 
Goldsborough  and 
Robinson  1996, 
Zrum  et  al.  2000 

Nicholson  1995, 
Casey  etal.  1999, 
Anderson  et  al. 
2002,  Savard  et  al. 
1994  (British 
Columbia  study) 

Prepas  et  al.  2000, 
Macrae  et  al.  2004, 
Devito  et  al.  2000, 
Norlin  et  al.  2005, 
Bayley  and  Prather 
2003,  Mitchell  and 
Prepas  1990, 
Bayley  et  al.  2007 

Declerck  et  al.  2005, 
Lee  &  Bukaveckas 
2002,  Dorioz&Ferhi 
1994,  Dodds  2003, 
Brenner  et  al.  1998, 
Panno  etal.  1999, 
Greiner  and  Hershner 
1998,  Moss  etal.  1996, 
Pan  et  al.  2000, 
Kashian  and  Burton 
2000,  Crosbie  and 
Chow-Fraser  1999 

Sediment 
chemistry 
(metals, 
nutrients) 

Mewhort  2000, 
Richardson  et  al. 
1994 

Turetsky  et  al. 
2000,  Thormann  et 
al.  1999,  Wray 
2005,  Devito  et  al. 
2000,  Westbrook 
2000 

Aldous  et  al.  2005, 
Crosbie  &  Chow-Fraer 
1999,  Chapin  et  al. 
2004,  Devito  &  Hill 
1999,  Kim  2003, 
Templeretal.  1998, 
Helawell  1986,  White 
1988,  Craft  and 
Richardson  1993, 
Quails  and  Richardson 
2002,  Corstanje  and 
Reddy  2004,  Lee  et  al. 
1992,  Maher  et  al. 
1999,  Freeman  and 
Schorr  2004 

Physical  Indicators 
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Vo  agriculture 
in  watershed, 
hydrology,  etc. 


Galatowitsch  and 
van  der  Valk  1996, 
Detenbeck  et  al. 
2002,  Naugle  et  al. 
1999,  Podruzny  et 
al.  2002, , 
Fairbaim  and 
Dinsmore  2001, 
Shay  etal.  1999, 
Bowles  et  al.  2005, 
Swanson  et  al. 
1988,Kantrud 
1986,  Euliss  and 
Mushet  1996,  van 
der  Valk  2005, 
McGowan  et  al. 
2005,  Detenbeck  et 
al.  2003 


Nicholson  1995, 
Casey  etal.  1999, 
Anderson  et  al. 
2002 


Prepas  et  al.  2000, 
Devito  et  al.  2005, 
Devito  et  al.  2000, 
Prepas  et  al.  2001 


Dodson  et  al.  2005, 
Gergel  et  al.  1999, 
Corstanje  &  Reddy 
2004,  Richardson 
1994,  Walters  & 
Shrubsole  2003, 
Detenbeck  et  al.  1999. 
Freeman  and  Schorr 
2004,  Crosbie  and 
Chow-Fraser  1999, 
Klapproth  2000,  Rast 
and  Lee  1983, 
Mensing  et  al.  1998, 
Cooper  et  al.  1987 


A  Review  of  indicators  of  wetland  health  and  function  in  Alberta's  prairie,  aspen  parkland  and  boreal 
dry  mixed  wood  regions 


79 


LIBRARY  AND  ARCHIVES  CANADA 
Bibliotheque  et  Archives  Canada 


3  3286  53528640  1 


